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Abstract
An Economic Valuation of Improved Water Quality in
Opequon Watershed
Matthew C. Benson
The Opequon watershed is in northern Virginia and the eastern panhandle of West
Virginia. In both states, Opequon Creek is classified as impaired due to violation of the
bacteria standard and the narrative General Standard. Both states are using Total
Maximum Daily Load (TMDL) plans to improve water quality. As part of the TMDL
process, a contingent valuation survey was developed which would measure the benefits
of improved water quality in Opequon watershed. Five thousand surveys were mailed to
households in West Virginia and Virginia. Median willingness-to-pay (WTP) values were
estimated from grouped tobit models. For in-state water quality improvements, Virginia
households were found to have an annual WTP of $48 and West Virginia households
were found to have an annual WTP of $32. For out-of-state clean-up, households in both
states were found to have a one-time WTP of $18. Total benefits of improved water
quality most likely range between $3.7 and $5.1 million.
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1.0 Introduction
This study, as well as the improvement of water quality within Opequon Creek
watershed was undertaken as part of the Mid-Atlantic Regional Water Quality
Coordination Project. This program is a partnership between the United States
Department of Agriculture Cooperative State Research, Education, and Extension Service
(USDA-CSREES) and land grant colleges and universities within the mid-Atlantic region
(USDA-CSREES, 2006).
1.1 Study Area Description
The Opequon Creek watershed is located on the state border of northern Virginia
and the eastern panhandle of West Virginia.1 This watershed lies in Jefferson and
Berkeley counties of West Virginia and Frederick and Clarke counties of Virginia (Figure
1.1). The Virginia portion of the Opequon watershed is 97,000 acres in size and the West
Virginia portion is 124,000 acres in total size. Opequon watershed drains 894 km2
(approximately 554 miles2) of the northern Shenandoah Valley (Snyder et al., 2003).

1

As defined in the TMDLs for Opequon watershed, a watershed is a drainage area or basin in which all
land and water areas drain or flow toward a central collector such as a stream, river, or lake at a lower
elevation.
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Figure 1.1- Map of Opequon Creek Watershed. *Produced by Dr. Tatiana Borisova
Opequon Creek starts in southern Frederick County, Virginia and flows east then
north, crossing over into West Virginia, before emptying into the Potomac River. In past
studies, as well as for the purpose of this study, Opequon Creek is described in three
segments; Upper, Lower and the West Virginia segment (VA DEQ, VA DCR and DBSE
VT, 2003; VA DEQ, VA DCR and DBSE VT, 2004). The Upper segment of Opequon
Creek starts at the creek’s headwaters and ends at the confluence with Abrams Creek.
Abrams Creek is a tributary of Opequon Creek and meanders through the city of
Winchester. The Lower segment of Opequon Creek starts at the confluence with Abrams
Creek and ends at the Virginia-West Virginia state line. The West Virginia segment is
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located between the Virginia border and the Potomac River. Sub-watersheds surround
each respective portion of Opequon and Abrams Creeks.
In Virginia, Opequon Creek watershed is part of the Lord Fairfax Soil and Water
Conservation District (LFSWCD). Part of the LFSWCD includes the city of Winchester
as well as Clarke and Frederick counties (LFSWCD, 2006). The Upper and Lower
Opequon watersheds are mostly agricultural land and Abrams watershed is mostly urban
land (approximately 50% respectively). The rest of the Upper Opequon watershed is
divided between forest and urban land use, 33% and 14% respectively. The remainder of
the Lower Opequon watershed is also comprised of forest and urban land, 29% and 19%
respectively. The remainder of the Abrams Creek watershed is divided between forest
and agricultural land, 22% and 27% respectively (VA DEQ, VA DCR and DBSE VT,
2003; VA DEQ, VA DCR and DBSE VT, 2004). Throughout Virginia portion of
Opequon watershed, rapid growth and development is being experienced causing
additional strains on environmental resources (LFSWCD, 2006).
In West Virginia, Opequon Creek is part of the Eastern Panhandle Conservation
District (EPCD).2 The EPCD includes various watersheds that flow into the Potomac
River. Within the EPCD, Opequon Creek is part of the Direct Drains watershed. The
EPCD contains approximately 48% forested, 28% agricultural, 7% urban and 17% mixed
open land, primarily characterized by broad level fertile valleys that are extensively
farmed. The karst geology throughout much of the EPCD lends itself to rapid distribution
of pollutants into groundwater and subsequently into surface waters from both urban and
agricultural sources. In addition to this, development in the EPCD has sharply increased

2

As defined in West Virginia’s Potomac Tributary Strategy, conservation districts are chartered legal
subdivisions of State government and a universal unit of government in every state.
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because of its close proximity to the Washington-Baltimore Metropolitan Area and is the
fastest growing region within the state of West Virginia (West Virginia Potomac
Tributary Strategy, 2005).
1.2 Background
1.2.1 The Clean Water Act and Total Maximum Daily Loads
The Clean Water Act of 1972 is the foundation of surface water quality protection
in the United States (U.S.) (US EPA, 2003). Its objective is to restore and maintain the
chemical, physical, and biological integrity of the nation’s waters (US EPA, 2006d). High
quality surface waters support a variety of economic services including healthy aquatic
ecosystems, flood control, erosion control, recreational swimming and fishing and nature
observation (Bergstrom, Boyle and Poe, 2001). The Clean Water Act has given the
Environmental Protection Agency (EPA) the authority to implement pollution control
programs (US EPA, 2006a).
When Congress passed the Clean Water Act, it declared a national goal of the
elimination of the discharge of all pollutants into the navigable waters of the U.S. by
1985. An interim goal was established to provide the protection of fish, shellfish and
wildlife and recreation by July 1st, 1983 (US EPA, 2006d). As described by Carson and
Mitchell (1993), who reference Leone and Jackson (1981), because the benefits from
these goals were thought to be large, and the costs were mostly unknown, Congress paid
little attention to the costs. However, these goals for years 1983 and 1985 have yet to be
met. As of 2000, 33% of U.S. waters were examined and 40% of streams, 45% of lakes
and 50% of estuaries were not clean enough to support uses such as fishing and
swimming (US EPA, Office of Water, 2002). The EPA asserts that the leading
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contaminants in assessed waters include bacteria, metals, excess nutrients and siltation
(sediment). Additional causes of impairment are said to be runoff from agricultural lands,
municipal point sources and hydrologic modifications.
Congress has postponed compliance deadlines and has enacted new requirements
for state programs to deal with non-point sources of pollution (Cason and Mitchell,
1993). From this, the Clean Water Act has evolved from a source-by-source, pollutantby-pollutant approach to a watershed-based strategy approach. Under this new approach,
equal emphasis is placed on protecting healthy waters and restoring impaired ones. This
approach is also based on the involvement of stakeholder groups in the development and
implementation of strategies for achieving and maintaining state water quality goals (US
EPA, 2003).
Opequon Creek is listed as impaired according to the standards of the Clean
Water Act in both states. However, the process of improving water quality is in different
stages in the states of Virginia and West Virginia. Under Section 303(d) of the Clean
Water Act, States are required to develop a list of impaired waterways in the state. This
list is often referred to as the 303 (d) list. Waterways are determined to be impaired if
they do not meet state water quality standards (US EPA, 2005a). In other words, a water
quality “impairment” is said to exist if a body of water does not support its designated
uses. In the state of Virginia, water quality standards specify that surface waters are
designated for “recreational use”3 (e.g. swimming, fishing and boating) and “aquatic life
use” (e.g. viable fish populations) (Benham, Walker, Yagow, 2003). Once a waterway is
determined to be impaired, the process of creating a Total Maximum Daily Load
3

To support “recreational use”, Virginia has set a number for the maximum amount of bacteria that can be
found in a waterway and still be safe. If this criterion is violated, the body of water is said to have bacteria
impairment (Benham and Zeckoski, 2005).
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(TMDL) must begin (US EPA, 2005a). State and federal water quality management,
protection and restoration efforts are linked together through the implementation of a
TMDL (UVA IEN, VA Tech Center for Economic Education and VA Department of
Forestry). The process of TMDL implementation is one method to achieve water quality
improvements.
A TMDL is a written plan that specifies the maximum amount of pollution that a
water body can receive and still meet water quality standards (US EPA, 2005b). An
implementation strategy, should be completed once a TMDL study has been conducted.
A TMDL Implementation Plan (IP) describes the actions (e.g. best management
practices) to implement the allocations contained in the TMDL study. The main objective
of a TMDL IP is to restore water quality within the study area (Commonwealth of
Virginia, 2003). Although TMDLs have been required by the Clean Water Act since
1972, it is not until recently that states have developed them (US EPA, 2006b).
Nationwide, the EPA is under court ordered consent decrees to ensure that tens of
thousands of TMDL plans are developed in the next ten to fifteen years. Total costs of
this are estimated to range between $15 and $66 billion (Barham, Zeckoski and Benham,
2004). In 1991, the state of Virginia began submitting its list of impaired waterways to
the EPA. In 1998, the American Littoral Society (ALS) and the American Canoe
Association (ACA) sued the EPA on the basis that Virginia was failing to clean-up its
impaired waters. The court rule in favor of the ALS and ACA and Virginia agreed to
begin implementation of TMDLs for waters listed as impaired as of 1998. Virginia had
listed 600 water bodies as impaired as of 1998, and must develop 665 TMDLs by the
year 2010 (UVA IEN, VA Tech Center for Economic Education and VA Department of
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Forestry). Shifting to West Virginia, in 1997, the EPA began developing TMDLs for
water bodies within this state because West Virginia did not have the resources to
develop them. However, in 2004, West Virginia was in position to the take over the
process of creating and implementing TMDLs, largely due to the efforts of stakeholders
throughout the state (Barham, Zeckoski and Benham, 2004).
1.2.2 Opequon Watershed Water Quality Problems
Opequon and Abrams Creeks are listed as impaired due to bacteria and benthic
impairments. Benthic impairment refers to violations of the narrative General Standard
(VA DEQ, VA DCR, DBSE VT, 2003). Bacteria impairment refers to violations of the
bacteria standard. Benthic organisms are invertebrates living in or on the bottom of a
water body that are visible without a microscope. To support “aquatic life use”, biologists
take benthic macro-invertebrate surveys of the body of water in question and compare
them to benthic macro-invertebrate surveys from a reference site that has similar
characteristics. In the case of Opequon Creek, biologists used Upper Opequon Creek as
the reference site for this analysis (VA DEQ, VA DCR, DBSE VT, 2003). When it is
determined that the benthic environment does not meet the “aquatic life use” goal, the
body is deemed as having a benthic impairment (Benham, Walker, Yagow, 2003).
As discussed in the TMDL studies for Opequon watershed, throughout the initial
stages of TMDL development in Virginia, public participation was elicited at several
public meetings (VA DEQ, VA DCR and DBSE VT, 2003; VA DEQ, VA DCR and
DBSE VT, 2004). These meetings were held in 2003 at a local venue within the
watershed. Stakeholders attended these meetings to help guide the TMDLs, as well as to
receive input about their progress. Public participation has also been a major part of
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developing an IP to improve water quality in this watershed. IP meetings were held to
elicit feedback and update stakeholders of the progress made. Public meetings discussing
the IP were held throughout 2005 and have continued through 2006. Because of these
public meetings, citizens living in the Virginia portion of Opequon watershed should
have a greater awareness, knowledge and understanding of the water quality problems
within their state’s portion of the watershed, compared to West Virginia residents.
Before the TMDLs were developed, biological monitoring was needed and
performed to assess the water quality problems in Opequon watershed. To assess the
benthic impairment, biological monitoring was performed by Virginia Department of
Environmental Quality (VA DEQ). In the Abrams Creek watershed, biological
monitoring occurred from October 1994 to October 2001 at a specified benthic
monitoring site. During this period, all seven benthic samples were rated as “moderately”
impaired. Biological monitoring was also performed by VA DEQ in the Lower Opequon
Creek watershed from October 1994 to May 2002 at the specified benthic monitoring
site. During this period, seven of the nine benthic samples were rated as “moderately”
impaired, with the remainder receiving a rating of “slightly” impaired. Because of these
observations, Lower Opequon and Abrams Creeks are classified as having a benthic
impairment and are in violation of the narrative General Standard. Lower Opequon is
listed as impaired for a stream length of 8.82 miles while Abrams Creeks is listed as
impaired for a stream length of 10.8 miles (VA DEQ, VA DCR and DBSE VT, 2003).
The pollutant causing a benthic impairment was not implicitly identified because
this impairment is based on biological inventory rather than on physical or chemical
water quality standards. Instead, the most probable stressor creating this impairment was
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determined. As described in the TMDL, analyses of physical, chemical, biological, and
observational data indicate that sediment was the most probable cause of the benthic
impairments in both Lower Opequon and Abrams Creeks. It is believed that sediment is
delivered to these creeks through the processes of surface runoff, channel and stream
bank erosion, and from point source inputs. In addition to this, it is believed that
background geologic forces have contributed to sediment deposition. However, natural
sediment generation could have been accelerated through human-induced land-disturbing
activities related to a variety of agricultural, forestry, and urban land uses (VA DEQ, VA
DCR and DBSE VT, 2003).
The Virginia Department of Conservation and Recreation (VA DCR) has assessed
the Abrams Creek watershed as having a high potential for non-point source pollution
from urban sources. At the Abrams Creek watershed outlet, 58 water quality samples
were collected from July 1992 through June 1997 (the 1998 303 (d) 5-year listing period)
A total of 17% exceeded the instantaneous standard.4 Consequently, Abrams Creek was
assessed as not supporting the Clean Water Act’s swimming use support goal and was
included in the 1998 303(d) list for violation of the bacteria standard. The bacteria
impairment in Abrams Creek starts at the headwaters and continues downstream to its
confluence with Opequon Creek for a total of 10.8 miles long (VA DEQ, VA DCR and
DBSE VT, 2004).
The VA DCR has assessed the Upper and Lower Opequon watershed as having a
high potential for non-point source pollution from agricultural sources. The VA DEQ
monitored pollutant concentrations by collecting 58 water quality samples between July

4

The instantaneous standard specifies that fecal coliform concentration in the stream water shall not exceed
1,000 colony forming units per 100 mL (cfu/100 mL).
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1992 and June 1997 at the Upper Opequon outlet. Of the samples collected, 19%
exceeded the instantaneous standard. The VA DEQ also monitored pollutant
concentrations at the Lower Opequon outlet by collecting 59 water quality samples.
These samples were also collected between July 1992 and June 1997. Of these samples
collected, 12% exceeded the instantaneous standard. Because of these observations,
Upper and Lower Opequon Creek was assessed as not supporting the Clean Water Act’s
swimming use support goal and was included in the 1998 303(d) list for violation of the
bacteria standard. The bacteria impairment in Upper and Lower Opequon Creek starts at
the creeks headwaters and continues downstream to the Virginia-West Virginia state line
for a total of 33.7 miles (VA DEQ, VA DCR and DBSE VT, 2003; VA DEQ, VA DCR
and DBSE VT, 2004).
The bacteria water quality impairment in Opequon watershed is said to pertain to
fecal coliform. In this watershed, there are two significant point sources and 43 smaller
sources permitted to discharge fecal coliform. However, the majority of the fecal
coliform load originates from non-point sources. In Lower and Upper Opequon
watershed, non-point sources of fecal coliform are said to be primarily from agricultural
land and practices. In Abrams watershed, non-point sources include fecal coliform
deposited directly on pastures and those land uses grouped under the residential land use
category. Other sources of fecal coliform originate from wildlife and non-agricultural,
non-point sources such as failing septic systems and pet waste (VA DEQ, VA DCR and
DBSE VT, 2003; VA DEQ, VA DCR and DBSE VT, 2004).
TMDL standards for the bacteria impairment in Opequon watershed were
developed using a modeling process which employed the Hydrologic Simulation Program
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– FORTRAN. This approach is in contrast to obtaining TMDL standards for benthic
impairments which used the reference watershed approach. However, modeling was also
done for the benthic impairment by comparing both sets of impaired and referenced
watersheds using the Generalized Watershed Loading Function (VA DEQ, VA DCR,
DBSE VT, 2003; VA DEQ, VA DCR, DBSE VT, 2004).
Shifting the attention to West Virginia, water quality containments, as well as the
causes of these containments have yet to be fully examined or quantified within this
portion of Opequon watershed. Geographic and development issues have increased the
awareness and concern over water quality within the West Virginia portion of Opequon
watershed. Contributing to this increased awareness is the fact that the Potomac River
empties into the Chesapeake Bay (the Bay). The Bay is a national and local treasure that
contributes to the livelihood, recreation and cultural heritage of the region (West Virginia
Potomac Tributary Strategy, 2005). The states surrounding the Chesapeake Bay have
determined that substantially reducing the flow of nutrients and sediment to the Bay will
restore the Bay’s health. The state of West Virginia has agreed to develop goals and
objectives to reduce nutrient and sediment loads (West Virginia Potomac Tributary
Strategy, 2005).
Through the use of a decision matrix at a Potomac Tributary Stakeholders
meeting in September 2004, Opequon Creek was determined to be the number one
priority creek for clean-up within the Potomac Basin. In the decision matrix,
“stakeholders” were asked to assign values to various watersheds within the EPCD.
Weighted and un-weighted values were calculated with Opequon Creek receiving the
greatest scores for both (US EPA, Region III). From this, the Opequon Creek Project
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Team was established in April 2005 to discuss water quality issues pertaining to Opequon
Creek in West Virginia. The purpose of this team is to, “undertake projects that will lead
to reduction in pollutants entering Opequon Creek and its tributaries in West Virginia.”
Water quality concerns have led the West Virginia Department of Environmental
Protection to work with the EPA and other stakeholders to assure the completion of
TMDLs for the West Virginia portion of Opequon Creek. Currently, Opequon Creek is
listed as an impaired waterway in West Virginia due to violation of bacteria standards,
the narrative General Standard and metals (aluminum) (US EPA, 2006c). A TMDL study
is currently in the process of being developed for this portion of the watershed and is
scheduled for completion by the end of 2006. Once a TMDL study has been developed
and approved by the EPA, a TMDL IP can be completed.
1.3 Problem Statement
Within this region of the U.S., local and state governmental districts rarely
coincide with watershed boundaries. Because of this, it is necessary to develop
approaches that integrate water quality efforts on a watershed basis and cross political
boundaries. The Chesapeake Bay Program (CBP) has accomplished this to an extent
within this area. However, state programs and policies are usually developed and
implemented independently within the CBP (USDA-CSREES, 2006). For example, states
are independently focused on developing TMDL plans to achieve water quality standards
for water bodies within their own boundaries (US EPA, 2006a).
Although the Opequon watershed is a continuous drainage area in which all of the
land and water areas drain toward Opequon Creek, state standards require that the TMDL
studies and IPs be developed independent of one another (US EPA, 2006a). In Virginia,
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TMDL studies have been completed for creeks within Opequon watershed and a TMDL
IP is being finalized. In West Virginia, TMDLs are continually being developed for
Opequon Creek, with a TMDL IP to be developed sometime in the future. Because
Opequon Creek watershed is on the state boarders of Virginia and West Virginia, a multidisciplinary, multi-state approach is perhaps the most appropriate method to improve its
water quality. The Mid-Atlantic Regional Water Coordination Project enabled the use of
this approach by facilitating a working relationship between state and local governmental
agencies, area stakeholders and landowners, local citizens and watershed organizations
and three land-grant universities (West Virginia University, Virginia Tech and the
University of Virginia). Across state lines, these entities had a broad, overarching goal of
improving water quality within Opequon Creek watershed.
Descriptions surrounding the benefits of improved water quality are to be
included in TMDL IPs (Commonwealth of Virginia, 2003). Because of this, the benefits
of improved water quality within Opequon watershed will be discussed in the state of
Virginia’s TMDL IP as well as the state of West Virginia’s IP. To provide a model by
which this and other TMDL IPs can estimate monetary benefits through additional public
involvement, a contingent valuation (CV) study will be conducted. CV is a survey based
method that can place actual dollar benefit estimates on a change in a public good (i.e.
improved water quality) through obtaining a household’s willingness-to-pay (WTP).
Unlike traditional environmental improvement projects where public involvement is
mostly limited to meetings and review of documents, CV allows for greater public
participation by conducting a survey. Increased public participation during the TMDL
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process should lead to a more effective method of achieving TMDL water quality
standards.
From this type of survey work, random households within the Opequon watershed
will be able state their WTP for improved water quality. These monetary responses will
directly influence aggregate economic benefit estimates for improved water quality
within this watershed. These responses will indirectly determine the expected level of
benefits received from successful TMDL implementation. In addition, households
throughout the watershed will be able share their opinion about Opequon watershed
including water quality concerns and potential improvement projects. Knowledge of, and
monetary values for, the benefits of improved water quality will be useful for those
individuals executing the TMDL IP. Estimating benefits from an improvement in water
quality in a local setting will provide the community and stakeholders’ valuable
information regarding the importance of improved water quality within these creeks and
watershed. Methods and results of this project should also provide a refined framework
by which other states and organizations can more effectively develop TMDL studies and
implement them to meet their state water quality standards.
1.4 Purpose and Objectives
The purpose of this study is to estimate the monetary benefits of improved water
quality within Opequon watershed so that they can be included in the TMDL IP for the
Virginia portion of this watershed. In an economic valuation, the water quality
‘commodity’ to be valued is some change in economic services brought about by a
change in water quality (Bergstrom, Boyle and Poe, 2001). An ancillary purpose of this
study is to facilitate additional public participation in the development of the TMDL IP
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for Opequon watershed. Public participation was sought throughout the watershed at
nearly every stage of developing the TMDL IP, and will indirectly be shown to be a
critical component of this project.
The general objective of this study is to provide monetary value estimates for the
expected outcomes of TMDL implementation. In the process, the author seeks to
determine the factors that help explain an individual WTP for TMDL implementation
within Opequon watershed.
The specific objectives are:
1. To determine an aggregate monetary value from the benefits of improved water
quality within Opequon watershed.
2. To determine which characteristics (variables) are statistically significant in
determining WTP for improved water quality within Opequon watershed.
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2.0 Literature Review
This review of literature will focus on a variety of areas with regard to topics
related to this study. First, contingent valuation (CV) will be explained. Background will
be given related to CV, along with addressing its validity, strengths and weaknesses.
Second, the theoretical framework for CV studies will be detailed. This will lay the
foundation by which welfare estimates can be linked to a household willingness-to-pay
(WTP). In addition, previous similar CV water quality studies will be summarized. These
studies were selected because they used CV to estimate an individual WTP for improved
water quality within a body of water. Finally, aggregation scenarios of total benefit
estimates will be described.
2.1 Contingent Valuation
The regulations for cost and damage recovery under the federal superfund
program explicitly recognize the use of CV as a tool for establishing the non-market
value of goods and services (Congressional Research Service, 1999). CVs are used to
estimate economic values for all types of ecosystem and environmental goods and
services (King and Mazzotta, 2005). Such ecosystem and environmental amenities are
known as public goods. Mitchell and Carson (1989) define a public good as a good
characterized by the conditions of non-excludability and non-rival congestion between
individuals who wish to use that good. The first identified description of CV can be found
in an article published by S.V. Ciriacy-Wantrup in 1947. However, CV was not used until
1963 in a PhD dissertation by Robert Davis (Congressional Research Service, 1999).
Since then, CVs have been used in over 2,000 studies (Carson, 2000). Three noteworthy
cases where CV was used include: the valuation of air quality improvement at the Grand
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Canyon; the valuation of damages resulting from the Exxon Valdez oil spill in Alaska;
and the valuation of benefits from altering Glen Canyon dam operations (Congressional
Research Service, 1999).
CV can be used to estimate use and non-use values and is the most widely used
valuation technique to estimate non-use values. Non-use values are those such as
existence, bequest and option values (King and Mazzotta, 2005). CV is a survey based
method which places monetary values on public goods not bought and sold in a
traditional market. A CV survey describes scenarios that offer different governmental
actions. Survey respondents are then asked to state their preference concerning the
described actions (Carson, 2000). Stated preference methodology refers to survey-based
studies where respondents are asked questions that are designed to reveal information
about their preferences or values (Freeman, 2003). CV is a direct measurement for a
hypothetical market (Congressional Research Service, 1999). Typically, CVs are used to
estimate social benefits resulting from improvements in the quality of non-marketed
environmental goods, such as water quality improvements, which are of direct use to the
consumer (Brox, Kumar, Stollery, 2003). Responses are then analyzed to derive
economic values. A random assignment of prices allows the researcher to derive the WTP
for that good (Carson, 1999).
CV has both strengths and weaknesses. Strengths include its ease of flexibility;
it’s easily understood by users and its ability to value multiple destination recreation trips
(King and Mazzotta, 2005). In addition to this, CV is said to be the most widely accepted
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method for estimating total economic value, which includes non-use or passive-use
values (King and Mazzotta, 2005).5
A few CV studies (Carson, Hanemann, and Mitchell, 1987; Polasky,
Gainutdinova and Kerkvliet, 1996) have compared survey estimates to a vote on actual
binding referendums and found the two to be quite similar (Carson, Groves and Machina,
2000). In addition to this, a large body of evidence exists that polling on referendum
suggests that surveys taken close to an election generally provide a good prediction of
actual referendum votes (Carson, Groves and Machina, 2000). Carson et al. (1996)
compared CV and revealed preference (RP) methodologies by examining estimates for
quasi-public goods. These authors examined 83 studies, containing 616 CV/RP
comparisons for quasi-public goods. They found that CV estimates were smaller but not
extremely smaller than their RP counterparts (Carson et al., 1996). However, these
authors admit that some CV estimates exceeded their RP counterparts. Finally, Carson et
al. (1996) state that arbitrarily discounting CV estimates because of their methodology
appears to be unwarranted.
Controversies or weaknesses regarding CV are also described throughout the
literature (Blamey and Bennett and Morrison 1999; Dalton, at al., 1998; Diamond and
Hausman, 1994; and King and Mazzotta, 2005)). The objective here is not to dispel the
validity of CV, but to acknowledge research surrounding its limitations. Diamond and
Hausman (1994) believe that CV is a deeply flawed methodology when measuring nonuse values. Dalton et al. (1998) cite various types of survey biases as a weakness of CV.
These authors claim that biases may stem from its hypothetical nature, individual’s
strategic behavior and incentives, and information presented in the survey. Some
5

Passive-use values are also known as existence values (Carson, 2000).
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researchers argue that there is a fundamental difference in the way people make
hypothetical decisions as opposed to actual decisions (King and Mazzotta, 2005). In
addition to this, Blamey, Bennett and Morrison (1999) assert that some researchers have
speculated that “yea-saying” has played a role in their studies (McFadden and Leonard,
1993; Boyle et al., 1993; Ready, Whitehead and Blomquist, 1995). Mitchell and Carson
(1989, 240-241) define “yeah-saying” as, “the tendency of some respondents to agree
with an interview’s request regardless of their true views.” However, “yeah-saying”
seems more likely in personal interviews, than with mail questionnaires. Blamey, Bennett
and Morrison (1999) state that recent CV studies have provided estimates of WTP
exceeding those found in experimental or real-life markets. Additional studies also found
that CV results are not satisfactory predictors of actual donations (Champ et. al., 1997;
Cummings, Harrison, and Rutstrom, 1995; Duffield and Patterson, 1991; Loomis et al.,
1996; Navrud, 1992; Seip and Strand, 1992). Lastly, Diamond and Hausman (1994)
describe two effects found in CV such as the “embedding effect” or the “warm-glow
effect.”
The “embedding effect” refers to the tendency of WTP responses to be similar
across different surveys when theory suggests that they should be different. This is
thought to arise from the failure of respondents to consider their budget constraint and
from the non-existence of individual preferences for the public good in question
(Diamond and Hausman, 1994). These authors give an example of this effect by
describing WTP for clean-up of one lake to be approximately equal to WTP responses for
the clean-up of five lakes, including the one asked about individually. The “warm glow
effect” is thought to stem from respondents expressing their feelings about the scenario or
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valuation exercise itself. Respondents may feel good or derive moral satisfaction from the
act of giving for a social good although they believe the good or improvement itself is
unimportant (King and Mazzotta, 2005). The “warm-glow effect” could cause WTP to be
inaccurate, creating an upward bias or an overvaluation of the improvement. Even with
these controversies or weaknesses, Portney (1994) claims that it seems inevitable that
CVs will play a role in public policy formulation. Portney (1994) also acknowledges that
regulatory agencies and governmental offices responsible for natural resource damage
assessment are making increased use of CV.
General survey work has additional weaknesses regarding its methodology. One
weakness of survey work is the possibility of high non-response rates. Moore and Tarnai
(2002) reference Armstrong and Overton (1977) when asserting that mail surveys have
been faulted for their high non-response rates. Survey non-response can occur two ways.
Unit non-response occurs when a sampled unit does not respond to the request to be
surveyed. Item non-response occurs when the sampled unit fails to respond to a particular
survey question (Dillman et al., 2002). Although a variety of additional errors could stem
from general survey work, these two could be troublesome when using a mail
questionnaire.
Dillman et al. (2002) assert that the causes of non-response remain constant
irregardless of the survey mode. These authors cite the causes of non-response are a
failed request, refusal to participate and incapacity to participate. However, depending on
the type of survey (mail, web, telephone, or face to face), examples of survey nonresponse vary. Examples of these causes when using a mail questionnaire include the
non-delivery of a survey, the mailing was read but ignored or illiteracy. The effect of
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survey non-response may lead to biases in point estimators and inflation of the variances
of point estimators (Dillman et al., 2002).
Several survey design features can be used to help diminish survey non-response.
For mail questionnaires, these features include acknowledging the agency that is
completing the data collection, providing an advanced warning of the survey request,
providing an incentive and using follow-up procedures to influence or persuade the
individual to complete the questionnaire (Dillman et al., 2002). In addition to these
distribution practices, Moore and Tarnai (2002) state several methods to analyze mail
survey data once a high non-response rate has occurred. These methods include
measuring the direction and magnitude of the non-response error and using weighted
approaches to compensate for this as well as describing the characteristics of nonrespondents and comparing early and late respondents (Moore and Tarnai, 2002). Moore
and Tarnai (2002) reference Cameron, Shaw and Ragland (1999) when stating there are
methods to statistically model non-response error for mail survey data.
The validity of a measure is said to be the degree by which it measures the
theoretical construct under investigation (Mitchell and Carson, 1989). Ideally, it would be
best to assess the validity of a stated preference technique by comparing it with the true
measure (Freeman, 2003). However, obtaining a true measure for the total economic
benefits of environmental improvements is difficult. Difficulty of this lies in the fact that
water quality is a public good. Because of this, content and construct validity must be
employed to test the validity of measurement. Content validity is the extent to which the
design and implementation of the survey conform to the generally recognized best
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practices. Construct validity examines whether CV responses are related to variables that
economic theory suggests should be predictors of WTP (Freeman, 2003).
Content validity depends on the extent to which an empirical measurement
adequately reflects the structure of the market and the description of the amenity
(Mitchell and Carson, 1989). Content validity is examined by assessing the survey
instrument, the elicitation question, and the payment vehicle (Freeman, 2003). Freeman
(2003) suggests that a WTP question is employed to achieve the most valid results. To
establish content validity, Mitchell and Carson (1989) suggest that researchers should
circulate draft questionnaires among colleagues for comments before using them in the
field and to include the questionnaires with the articles when sending them out for
review.
Mitchell and Carson (1989) discuss construct validity in two areas, convergent
and theoretical validity. Convergent validity is concerned with the correspondence
between a measure and other measures of the same theoretical construct. The validity of a
measure is confirmed to the extent by which a correlation exists or the measures converge
(Mitchell and Carson, 1989). This type of construct validity may be hard to measure.
Instead, construct validity will focus on the theoretical aspect.
Mitchell and Carson (1989) define theoretical validity as an assessment of the
degree by which the findings of a study are consistent with theoretical expectations.
These authors claim that theoretical validity is most often measured by regressing WTP
against a group of independent variables that are believed to be determinants of WTP.
After an analysis is completed, the size and sign of the estimated coefficients are
examined and judged to be consistent or inconsistent with economic theory. Freeman
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(2003) states that an example of construct validity is to ensure that WTP is an increasing
function of income. In other words, as an individual’s income increases, so should an
individual’s WTP. Because WTP is income constrained, income should have a positive
effect on WTP. An additional check of validity can be done by comparing a respondent
WTP with their annual income. This type of check was performed in a similar study by
Stumborg, Baerenklau and Bishop (2001). Stumborg, Baerenklau and Bishop (2001)
found that out of 170 responses, only one respondent reported a WTP in excess of 1% of
their annual income.
In 1992, the National Oceanic and Atmospheric Administration (NOAA)
convened with a panel of social scientists to assess the reliability of estimates obtained by
CV. From panel conclusions, recommendation guidelines were obtained regarding CV
survey design, administration and data analysis (Carson et al., 1995). The NOAA panel
concluded that if their recommendations are followed, CV studies convey useful
information and state that the measurements obtained can be viewed as reliable enough to
be a starting point of a judicial process of damage assessment (Arrow et al., 1993).
2.2 Theoretical Framework for Contingent Valuation
Descriptions of the theoretical framework for CV are described in numerous
sources (Bjornstad and Kahn, 1996; Champ, Boyle and Brown, 2003; Mitchell and
Carson, 1989). This framework is grounded in the idea that WTP dollar amounts can be
derived from welfare measures. Because the CV questions in this study were phrased as
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WTP, as opposed to willingness-to-accept (WTA), the following theoretical framework
will focus on WTP.6
Although traditional measures of consumer benefit use ordinary (Marshallian)
demand curves, problems result, largely because these demand curves do not hold utility
constant, but rather hold income constant (Mitchell and Carson, 1989). Mitchell and
Carson (1989) discuss the theoretical framework for CV surveys in terms of Hicksian
welfare measures. Hicksian welfare measures are used because policy interest usually lies
in the potential benefits measured from the consumer’s initial level of utility (Mitchell
and Carson, 1989). These welfare measures include compensating and equivalence
measures, as well as surplus and variation measures. Compensating measures assume that
the agent is entitled to his/her current level of utility or status quo endowment of property
rights while equivalence measures assume that the agent is entitled some alternative level
of utility or set of property rights different from those currently held. Surplus measures
constrain the quantity of the good being considered at the quantity which would be
purchased at the new price in absence of compensation while variation measures do not
constrain the quantity of the good the agent would purchase (Mitchell and Carson, 1989) .
Mitchell and Carson (1989) assert that the measures obtained by CV can be
represented in terms of the difference between two expenditure functions. According to
modern consumer theory in Deaton and Muellbauer (1980) and Varian (1984), referenced
in Mitchell and Carson (1989), the expenditure function is one of the four ways to
represent a constrained utility maximization problem, which can be written as:
(2-1)

e (p, q, U) = Y,

6

Mitchell and Carson (1989) define WTA as the amount of money that would have to be given to an agent
to forgo a change in a good and still be as well off as if the change had occurred. These authors assert that
the WTA format should be avoided because it does not elicit valid data under many circumstances.
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where p is a vector of prices, q is a vector of fixed public goods, U is a level of utility and
Y is the minimum amount of income needed to maintain utility level U given the price
and public goods vectors.
Mitchell and Carson (1989) state that letting p0, q0, U0, Y0 represent some initial
level of those respective variables, and p1, q1, U1, Y1 represent some subsequent levels,
changed by the improvement in water quality within Opequon watershed, we can
represent compensating surplus (CS) as:
(2-2)

CS = [e (p0, q0, U0)] – [e (p0, q1, U0)]
CS = Y0 – Y1.

(2-3)

If CS is positive, then q1 is preferred to q0 and the consumer would be willing-to-pay up
to the point where their utility level was the same as it was in the initial situation.
Mitchell and Carson (1989) follow this with an extension to the Hicksian equivalence
welfare measure.
As one can see in equation (2-2), variables p, q and Y are the ones whose levels
change and an individual’s utility level remains constant at the initial level. Relating
theory to this study, price refers to that being paid for the improvement in water quality,
quantity refers to the quality of water and income is the individual’s annual income. All
of these variables change. However, the improvement in water quality is offset by the
change in income so that ones utility remains constant. This is the underlying theory of a
CV and an individual WTP. An individual WTP represents the amount of money he/she
would be willing-to-forgo, given the public good improvement while remaining on the
same utility curve.
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2.3 Water Quality Contingent Valuation Studies
Numerous studies have examined water quality issues using a variety of
techniques including CV (Brox, Kumar and Stollery, 2003; Collins, Rosenberger and
Fletcher, 2005; Eisen-Hecht and Kramer, 2002; Hurley, Otto, Holtkamp, 1999; Loomis et
al., 2000; Stumborg, Baerenklau and Bishop, 2001; Whitehead, 2000) (Table 2.1).
Typically these studies estimate a household WTP for an improvement in water quality
and were chosen to provide a background this study.
Table 2.1- Summary of Previous Water Quality CV Studies.
Study
Brox, Kumar and
Stollery, (2003)

Water
body

Survey
type

Response
rate (%)

Annual
household WTP
range7 ( ≈ )

Grand River

Mail

≈ 70

$60-$123

53

$154-$206

47

$156

Mail,
Internet,
and
personal
interviews
Mail and
telephone

Collins,
Rosenberger and
Fletcher (2005)

Deckers Creek

Eisen-Hecht and
Kramer (2002)

Catawba River

Hurley, Otto and
Holtkamp, (1999)

Two small
watersheds in
Southern Iowa

Mail

≈ 33

$60-$97

South Platte River

Mail and
personal
interviews

≈ 26

$296

Lake Mendota

Mail

44

$65-$99

Pamlico Sound

Telephone

71

$155-406

Loomis et al.
(2000)
Stumborg,
Baerenklau and
Bishop, (2001)
Whitehead (2000)

A study conducted by Brox, Kumar and Stollery (2003) addressed water quality
on the Grand River, located in Southern Ontario Canada, through the use of a mail CV

7

Estimates reported in 2006 year dollars. Original WTP estimates were adjusted using Consumer Price
Index.
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survey. These authors addressed improved water quality by estimating the benefits of
improved residential drinking water. This study specifically deals with item non-response
and a method by which one can obtain a more accurate estimation by imputing values for
unanswered survey questions that are conditional on a respondent’s decision to answer a
WTP question.
The CV survey used by these authors was administered by mail in the fall of
1994. Approximately 3,000 households made up the sample. To improve survey design,
pre-tests were administered to households before the main survey was sent out. Brox,
Kumar and Stollery (2003) used three different questions to obtain the valuation that
residents placed on improved water quality. Two of the questions were asked in the form
of WTP for water quality improvements while the third question was in the form of
willingness-to-accept (WTA) for its decline. Brox, Kumar, and Stollery (2003) used a
“yes/no” question in the general WTP questions, followed by a payment card list of
amounts. These authors employed the maximum-likelihood estimation technique to
compute results.
Brox, Kumar, and Stollery (2003) found an average WTP/WTA between $4.56
and $9.42 per household, per month. These authors concluded that the major
determinants of individuals WTP were household income, number of children, education,
perception of existing water quality and identification with environmental issues. There
results suggest that higher income, better educated, and environmentally conscious
residents, who view the current water quality problem as being severe, possess a greater
WTP to solve water contamination problems.
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A similar study using CV and estimating the benefits of improved water quality
was conducted by Hurley, Otto and Holtkamp (1999). These authors investigated rural
residents’ perceptions of the risk to water quality from large confinement facilities in two
small watersheds of Southern Iowa. Respondents were asked their WTP to delay nitrate
contamination from these facilities through the use of a mail CV survey. The study area
is predominately agricultural, which is heavily dependent on surface water for household
consumption. Residents in both watersheds have been concerned with agricultural
pollutants for an extended period of time.
To obtain CV information, Hurley, Otto and Holtkamp (1999) sent a survey to a
random sample of 1,000 residents of Clarke and Adams Counties Iowa. The authors
found that residents of both counties had a WTP to delay nitrate contamination in their
water source. These authors estimated an annual median WTP of just over $50 for a tenyear delay, just under $65 per year for a 15-year delay and just over $80 per year for a 20
year delay. The authors found these values to be statistically significant from zero and
increasing as expected but found them not to be different from each other. Male
respondents were found to be less willing than female respondents to pay for a delay in
nitrate contamination. Education level and income of a respondent were found to
positively influence WTP to delay nitrate contamination. These authors also found that
the likelihood of a respondent remaining in an area for another five years positively
influenced the median WTP to delay nitrate contamination. Hurley, Otto and Holtkamp
(1999) assert that the results obtained in this study are similar to those obtained using the
hedonic pricing method.
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A study estimating improved water quality in Lake Mendota was conducted by
Stumborg, Baerenklau and Bishop (2001), and used a split sample mail CV survey. This
survey estimated the total WTP of a group of Wisconsin residents. The authors state that
extensive research specific to the lake allowed for a thorough understanding of the
relationship between pollutant loading and water quality response, thus making the lake
an excellent candidate for a CV study. Lake Mendota’s primary pollution problem is the
result of excessive phosphorus loading tied directly to both urban development and
agricultural activity.
The Lake Mendota watershed was selected in 1993 as a priority watershed,
initiating the process of developing a non-point source pollution control plan for the
drainage basin. Because Lake Mendota is a prominent resource within the watershed, a
separate water quality goal was established for the lake itself. The goal of the priority
watershed program is to adopt a fifty percent load reduction, which the Wisconsin
Department of Natural Resources estimated at a total cost of $17.8 million over the next
10 years. After the mail CV survey was completed and results obtained a cost-benefit
analysis was completed.
The developed CV survey consisted of a modified referendum format and was
mailed to 500 residents of Dane County. Stumborg, Baerenklau and Bishop (2001) found
that the payment time horizon had a significant effect on WTP. These authors state a
mean annual WTP for those in the 10-year sub sample of $57 and those in the three year
sub sample to be $87. This is in accordance with intuition because the annual payment
required to purchase a good decreases as the payment horizon increases. Only one
respondent reported a WTP in excess of 1% of its annual income.
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Whitehead (2000) conducted a study concerning water quality issues surrounding
the Pamlico Sound, located in eastern North Carolina. This study focused on
environmental equity issues between white and non-white individuals. The Pamlico
Sound has suffered some severe water problems in recent years (Whitehead, 2000). He
also states that the study area of eastern North Carolina has a large population of nonwhite residents compared to the rest of North Carolina. Both of these facts make this an
excellent area for this case study.
The telephone survey technique was used to obtain respondent information. The
sample included 415 white residents and 180 non-white residents, with a pooled sample
size of 595 individuals. A close-ended question was used to obtain WTP information.
Whitehead (2000) found the average WTP for water quality improvement to be
approximately $345 for white respondents and $132 for non-white respondents. These
estimates were found to be statistically different. The author asserts that differences in the
demand structures of the two groups are statistically significant but that the differences
due to socioeconomic variables are not significantly different. Whitehead (2000)
maintains that the results suggest that differences in tastes and preferences contribute to
differing demands for environmental quality improvements. The author relates this to the
fact that white respondents recreate more in the Pamlico Sound than non-white
respondents and that whites were found to be significantly more concerned than nonwhite respondents.
A study conducted by Collins, Rosenberger and Fletcher (2005) focused on
Deckers Creek and used a variety of methods including mail, Internet and personal
interviews to acquire the necessary information. Deckers Creek is located in Monongalia
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and Preston counties of West Virginia and suffers from numerous environmental
problems found in the Appalachian region such as trash, sewage and acid mine drainage.
Approximately 400 responses were acquired using the stated methods from people of the
general public as well as members of a local watershed organization. The goal of this
study was to estimate improvements for three attributes, determined through focus group
interviews. They were aquatic life, scenery, and swimming.
Collins, Rosenberger and Fletcher (2005) used random utility theory for the
estimation of economic values using a choice modeling approach. The economic values
for full restoration of all three characteristics previously listed were estimated using
multi-characteristic, choice experiments with nested logit models. Collins, Rosenberger
and Fletcher (2005) were able to conclude that welfare estimates for improvements from
moderate to full restoration of all three attributes ranged from $12 to $16 per month, per
household. These authors found that potential users of Deckers Creek had the largest
consumer surplus while non-users had the lowest gain from restoration. Users of the
creek and the general public were found to be from the same population.
Eisen-Hecht and Kramer (2002) used varied CV techniques to estimate the
benefits of maintaining the current level of water quality in the Catawba River. The
Catawba River is located in the mountains of western North Carolina and central South
Carolina, and flows for 224 miles on a system of 11 reservoirs. Many of the surrounding
municipalities receive their drinking water from the Catawba River and also return their
wastewater to this river. In addition to this, the Catawba River is used heavily for
recreational purposes and is also enjoyed for its aesthetic qualities. Population growth is
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also cited as one factor increasing the pressure on the Catawba River and its diversity of
services provided.
Eisen-Hecht and Kramer (2002) state that economic benefits were estimated by
mail and telephone techniques for a management plan to protect water quality in the
Catawba basin. Focus group interviews and pre-tests were arranged and conducted to
gather the necessary information to compile and finalize the survey. Eisen-Hecht and
Kramer (2002) used the watershed analysis risk management framework (WARMF)
model for improvement scenarios in the Catawba River. The WARMF model was used to
estimate the amount of management activities needed to protect the current level of water
quality in the basin over time. With the help of an independent business, these authors
surveyed approximately 1,000 area residents. Eisen-Hecht and Kramer (2002) calculated
an annual mean WTP of $139.
Loomis et al. (2000) examined the total economic value of restoring ecosystem
services in an impaired river basin. The impaired river basin that this study focused on
was the South Platte River which is located near Denver, Colorado. The South Platte has
been modified by diversions, adjacent land use, and pollution to the point where the
river’s ecosystem, including its aquatic life, is severely impaired (Loomis et al., 2000).
To conduct their analysis, these authors used a variety of data collection techniques
including in-person interviews and mail surveys. Before the survey was finalized and
distributed, these authors worked with an interdisciplinary team to develop the instrument
and other visual aids. Survey development included focus group interviews and pre-tests.
Loomis et al. (2000) found that households on average were willing to pay $21 per month
or $252 per year for additional ecosystem services.
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2.4 Aggregating Household Willingness-to-Pay
Throughout the literature, CV water quality studies describe the process by which
total benefit estimates are achieved for the entire study area (watershed) population
(Brox, Kumar and Stollery, 2003; Collins, Rosenberger and Fletcher, 2005; Eisen-Hecht
and Kramer, 2002; Loomis et al., 2000; Stumborg, Baerenklau and Bishop, 2001). In
addition to this, Mitchell and Carson (1989) discuss the aggregation of individual WTP
values. Mitchell and Carson (1989) state that once the correct measure (WTP) for a
sample of individuals has been obtained, aggregation of this value is done to obtain the
total benefits for the good being valued (e.g. improved water quality). These authors
reference Samuelson (1954) in his assertion that demand for public goods must be
summed vertically to estimate total values as opposed to private goods which are
summed horizontally to estimate total value.
Collins, Rosenberger and Fletcher (2005) aggregate WTP values by estimating
different welfare measures depending on the sub-sample and assuming that nonrespondents had a zero WTP for restoration. These authors then multiplied a variety of
estimated respondent welfare measures by the total number of households within the
study area to achieve annual total benefit estimates. Collins, Rosenberger and Fletcher
(2005) found a value for full restoration of three attributes related to Deckers Creek to be
approximately $1.9 million annually. Stumborg, Baerenklau and Bishop (2001) use mean
household WTP estimates, their standard deviation, 1990 Census survey report data, and
a 95% standard normal confidence interval to determine a county-wide WTP for
improved water quality of approximately $55 million ± $11 million.
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Brox, Kumar and Stollery (2003) aggregate WTP values, by describing a process
they used to place individual monthly WTP values in a wider context. These authors
multiply a monthly WTP by the estimated number of households within the study area.
Brox, Kumar and Stollery (2003) then discounted these values using a discount rate over
an assumed time period for capital projects which translated to a capital value of $1,400
per household. Brox, Kumar and Stollery (2003) state that this implies residents of the
watershed are willing-to-fund a one-time investment of approximately $364 million.
Eisen-Hecht and Kramer (2002) approximate an aggregate present value of
approximately $340 million for all taxpayers in their study area (Catawba River Basin).
These authors do so by also assuming a time span in which benefits would be received. In
addition to this, these authors factor in a growing population. An annual value of
approximately $75 million was discounted using a determined discount rate, while
assuming a zero rate of inflation.
To aggregate their WTP values, Loomis et al. (2000) create three scenarios to
calculate the total economic value of restoring ecosystem services within the study area.
A similar type of scenario analysis will be used to aggregate WTP values for Opequon
watershed. Scenario one applies the estimated household monthly mean WTP value to all
households of the study area. Scenario two is a more conservative estimate that applies
the mean WTP to the percentage of households which agreed to participate in the survey.
Scenario three is the most conservative scenario which applies the mean WTP to the
percentage of households that actually responded to the survey. These authors calculate
annual total benefit measures ranging from approximately $19 to $71 million.
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3.0 Methodology
An essential element of an environmental economics analysis is to compare all the
benefits of a proposed action to all the costs. Such an analysis is seriously flawed without
monetary values for the environmental goods affected by a proposed action (Carson,
2000). By balancing the costs of public goods against their benefits, decision makers can
arrive at more informed choices. Although this study will not explicitly compare the costs
of improved water quality with its benefits, the nature of the valuation is the same.
One economic valuation technique to elicit individual preferences and
willingness-to-pay (WTP) for an improvement in a public good is contingent valuation
(CV). The goal of any CV survey is to obtain an accurate estimate of the benefits of a
change in the level of provision for some public good. To do this, the survey must meet
the methodological imperatives of survey research and the requirements of economic
theory (Mitchell and Carson, 1989). Portney (1994) claims that there is no standard
approach to the design of a CV survey, but does assert that virtually all CV surveys
consist of several well-defined elements.
3.1 Survey Development
For valuation of water quality improvements on the Opequon watershed, a CV
survey instrument was designed and developed during the summer of 2005. The water
quality improvements were to approximate the expected outcomes from Total Maximum
Daily Load (TMDL) implementation. TMDL implementation is the selected way to
achieve water quality improvements within Opequon watershed. The survey instrument
was designed using suggestions from Dillman’s (2000) Tailored Design Method.8 To

8

Time and budget constraints prevented the use of Dillmans’ methods for survey distribution.
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develop the survey instrument, meetings were held with the TMDL Steering Committee
in Winchester, Virginia, and the Opequon Creek Project Team (OCPT) in Hedgesville,
West Virginia. In addition to attending these meetings, two focus group interviews were
administered. Krueger and Casey (2000) state that focus group interviews provide a way
to gather information in order to better understand how people feel or think about an
issue. These interviews were conducted in accordance with suggestions made by the
above mentioned authors. In addition to this, surveys used in previous CV water quality
studies were obtained. These surveys were acquired from a variety of sources including
faculty members at West Virginia University (WVU) as well as professors at other
universities around the United States.
The first focus group took place at the Timbrook Public Safety Building located
in Winchester, Virginia on May 11th, 2005. Approximately eleven members who had
attended the Opequon and Abrams Creeks TMDL Implementation Plan (IP) Steering
Committee meeting participated. The second focus group took place at the James
Rumsey Technical Institute located in Hedgesville, West Virginia on May 17th, 2005.
This focus group took place with the OCPT. Approximately twelve members who
attended this meeting participated. During these discussions, participants shared their
experiences with the creeks, expressed their ratings of the current state of the creeks,
described existing limitations for creek use, and portrayed possible changes in the creeks
and their tributaries from water quality improvements. Additional topics discussed were
the ways to cover TMDL implementation costs, as well as questions that should be
included in the survey. These interviews helped provide valuable information from
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residents of the area concerning questions to include in the survey and ways to phrase the
questions.
Field trips were also arranged to view Opequon and Abrams Creeks as well as
their surrounding tributaries such as Red Bud Run and Tuscarora Creek. Viewing
occurred at numerous locations, in both Virginia and West Virginia. Knowledgeable
citizens living within the watershed area guided members of the WVU research team on
tours of the watershed. Other watershed officials were interviewed, sharing information
from which the survey instrument was drafted. All of these preparations helped gather the
necessary information to begin drafting the survey.
After preliminary survey drafts had been written, internally discussed and revised,
three pre-tests were conducted to determine watershed residents’ opinions of the survey
instrument. Pre-tests took place with the Kiwanis Club of Winchester, citizens attending
the TMDL IP meeting held at Shenandoah University in Winchester, Virginia and again
with the OPCT. These pre-tests took place on June 15th, 2005 and July 7th, 2005 and July
12th, 2005 respectively. A fourth pre-test was arranged and set-up at the Inwood, West
Virginia Farmers Market but yielded few results, because of very few visitors shopping at
the farmers’ market that day. Approximately fifteen individuals participated in the pretest with the Kiwanis Club, twelve individuals attending the TMDL IP meeting and ten
individuals attending the OCPT meeting. These pre-tests were informative because they
field tested the developed instrument, allowing for minor modifications to be made.
These modifications centered on slight changes in wording and descriptions. In addition
to these changes, a question asking for the respondent to indicate their race was also
omitted because of possible respondent objections.
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In addition to this, comments and suggestions about the instrument were obtained
from numerous individuals. These individuals included people of the general public as
well as people familiar with CV surveys. After this period, the survey instrument was
finalized. It was submitted to the Internal Review Board for approval and prepared for
printing. Cover letters were also finalized, which briefly described the study and invited
the respondent to participate in the survey.
3.2 Survey Design
The final survey instrument included types of questions such as open-ended,
checklist, scaled, and likert. Three similar survey instruments were designed for three
separate sub-samples of households: (1) West Virginia general public (WVGP); (2)
Virginia general public (VAGP); and (3) Virginia riparian landowner (VARL).9 Because
pollution problems and causes, as well as recreational uses of the main creeks are
different in both states, separate surveys were developed for Virginia and West Virginia
general public residents.
The general format for each sub-sample was the same. Each survey instrument
included questions about one’s use and knowledge of Opequon watershed, one’s opinion
of local environmental quality and improvements to Opequon watershed, and one’s
socio-economic characteristics. In addition to these questions, the instrument included
two CV questions concerning Opequon watershed clean-up projects, one for in-state
improvements and one for out-of-state improvements. Working in conjunction with the
individuals preparing the TMDL IP, preliminary analyses of various implementation
actions have shown that many of them would impose additional costs on riparian
landowners. However, it is also expected that riparian landowners would benefit most
9

All three survey instruments can be found in Appendix 1.
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from improvements in water quality. Because of this, additional questions asked Virginia
riparian landowners about their opinion of water quality problems and their willingnessto-implement various best management practices with or without government cost-share.
Water quality improvements were described in terms of improved sport (game)
fish populations and the safety of swimming and wading. In the designed survey
instrument, respondents were asked how much they were willing-to-pay for such water
quality improvements. For in-state water quality improvements, the question was phrased
using local taxes as the payment vehicle. For out-of-state water quality improvements, the
question was phrased using a one-time donation to a hypothetical clean-up fund as the
payment vehicle. Mitchell and Carson (1989) state that payment vehicles should have a
connection to the improvement it is used to value and should also be neutral with respect
to the environmental amenity. These authors assert that taxes are one vehicle most often
used in CV studies.
A combined approach was used in terms of elicitation methods for this survey. In
the first CV question, for in-state clean-up, respondents were asked in referendum format
how they would vote (Support, Oppose, or Remain neutral/not participate) with respect
to the described change in the watershed. The referendum format involves asking each
respondent how they would vote if faced with an environmental improvement and having
to pay for such improvement by using a method such as an increase in taxes (Carson et
al., 1995). After this vote was cast, respondents were to answer one of the following two
questions. The question they answered depended on their initial response.
If the respondent voted in Support of the described change, respondents were
asked using the modified payment card technique, the maximum amount they were
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willing-to-pay for the described environmental improvement. The modified payment card
technique varies slightly from the traditional payment card method. The traditional
payment card method is most often used for in-person interviews and provides the
respondent with a greater context for their bid. It does so by identifying some dollar
amounts that the average household, in the same income bracket, is paying for other
public goods (Mitchell and Carson, 1989). The modified payment card method is not
subject to starting-point biases but the range of numbers may bias responses
(Congressional Research Service, 1999).
This survey employed the modified payment card method because of mail survey
distribution (opposed to the traditional payment approach). In addition, respondents were
not given estimates regarding the prices they may pay for other public goods. Instead, a
wide array of dollar amounts was provided and the respondent was simply asked to circle
the maximum dollar amount they were willing-to-pay for the described improvements. If
the respondent voted to Oppose or Remain neutral/not participate, they were asked to
check which statement most accurately described the reason for not to supporting the
change.10 This question included three protest responses to the original CV question. If
none of the statements reflected their reasoning, respondents could write in their own
reason for opposing this project.
In the second CV question, for out-of-state clean-up, respondents were asked how
much they would be willing to donate in a one-time payment to a hypothetical Opequon
Creek watershed restoration fund. This type of elicitation method was used because local
taxes cannot cross state boarders, therefore making taxes an unrealistic payment vehicle

10

This question directly followed the CV question and is question 10, 11 and 14 in the West Virginia,
Virginia and riparian landowner surveys respectively (Appendix 2).
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for respondents. The payment vehicle varied depending on the CV question (in-state vs.
out-of-state) to provide the most realistic situation in which payments could be collected.
The following is the survey question describing the water quality problems within
the West Virginia portion of Opequon watershed and the clean-up plan presented to
respondents (Figure 3.1). Because the change in the watershed is a proposed change,
rather than one that has already occurred, the valuation process proceeds from an ex ante
perspective (Bergstrom, Boyle and Poe, 2001). Mitchell and Carson (1989) assert for
most welfare economic purposes, the ex ante perspective is considered most appropriate
when uncertainty of outcomes is involved.
Opequon Creek is currently polluted with excessive nutrients and bacteria from
sources such as agriculture, urban runoff, and sewage occurring in West Virginia.
Because of these pollutants, no swimming or wading is recommended in Opequon
Creek. While this creek is stocked annually with trout, not all portions of the creek can
support year-round sport fish populations (bass, bluegill, trout, etc.). Assume that you
are asked to vote on a project that would provide the funding required to clean up
Opequon Creek. In about five years, this clean up would make Opequon Creek safe for
swimming and wading. It would also provide habitat for year-round fish populations.
This project would raise county taxes over a five-year period in order to pay for the
clean up project. Would you support, oppose, or remain neutral about this project?
Figure 3.1- West Virginia CV Question.
The following is the survey question describing the water quality problems within
the Virginia portion of Opequon watershed and the clean-up plan presented to
respondents (Figure 3.2). Virginia riparian landowners were presented the same
information and water quality improvement plan as households receiving the VAGP
survey.
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Opequon and Abrams Creeks are currently polluted with dirt and sediment along with
sewage and bacteria. Because of these pollutants, no swimming or wading is
recommended in the Virginia portion of these Creeks. Assume that you are asked to
vote on a project that would provide the funding required to clean up Opequon and
Abrams Creeks. In approximately five years, this clean up would make Opequon and
Abrams Creeks safe for swimming and wading in the Virginia portion. This project
would raise local taxes over a five-year period in order to pay for the clean up project.
Would you support, oppose, or remain neutral about this project?
Figure 3.2- Virginia CV Question.
Two of the primary recommendations from National Oceanic and Atmospheric
Administration (NOAA) conclusions were followed in the development of this survey.
This included employing a referendum approach as well as including an, “I would not
vote” response (in the instrument phrased as Remain neutral/not participate). General
recommendations of the NOAA panel were also followed such as using a conservative
design, using a WTP elicitation format, including detailed information on the resource in
question and including a scientific evaluation of its ecological importance and a
description of possible outcomes from protective measures (Arrow et al, 1993; Carson et
al., 1995).
3.3 Survey Distribution
A total of 5,000 surveys were distributed by mail to a random sample of
households within the watershed. Of these, 2,500 surveys were mailed to general public
households in West Virginia, 2,300 to general public households in Virginia and 200 to
Virginia riparian landowners. Each mailing contained a cover letter explaining the study,
a survey instrument and a return envelope. Addresses of approximately 400 Virginia
Opequon and Abrams Creek riparian landowners were obtained from an individual
associated with the clean-up of these creeks.11 It was decided that 200 surveys would be
11

West Virginia riparian landowners along Opequon Creek were not surveyed because of lack of
information regarding their name and address.
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randomly sent to these Virginia landowners, which represent the third sub-sample of
respondents.
A random sample of the watershed population was obtained from Custom Pack N
Ship (CPNS) of Morgantown, West Virginia (Table 3.1). Because the names and
addresses of the households within the sample are confidential, CPNS addressed the
cover letters appropriately and administered the mailing of all 4,800 surveys to the
general public. Initially, sampling strategies were discussed that included sampling by
circles, with a radius around a center location. However, this particular sampling strategy
was determined to be too expensive. While watershed boundaries cross state and county
boundaries, most population data are managed according to administrative borders.
Because of this, the smallest administrative unit from which the household addresses
could be obtained was by zip code.
Table 3.1– Summary of the Sample by Sub-sample.
Total number of
households within each
Sub-sample
sub-sample12
Virginia general public
19,330
West Virginia general public
24,569
Virginia riparian landowner
39213
Total
44,291

Total number of
households sampled
2,300
2,500
200
5,000

Zip codes were selected when at least half of their area was within the watershed.
In other words, the center of the zip code lay within the watershed. Within each zip code,
the proportion of surveys distributed was equal to the same proportion of households
within the respective portion of the watershed. There were ten zip codes that fit this
criterion. However due to budget limitations, only a total of eight zip codes were used in
12

Total household estimates are important because they will later be used to aggregate WTP to the
population (Section 4.5).
13
To include VARL household estimates, 392 households were deleted from the Virginia general public
state total.
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the sample. This included four zip codes from Virginia and four zip codes from West
Virginia. Of the eight zip codes chosen, five of the zip codes lay completely within the
watershed. Because only four zip codes were selected in Virginia, two zip codes in West
Virginia, 25420 and 25446, which met the above criteria, were deleted. This was done so
that each state had the same number of zip codes selected for the sample. If one were to
look at a map of the watershed detailing zip code areas (Figure 3.3), it appears that zip
code 22602 has a large portion outside of the watershed. However, if this zip code was
omitted from the sample, possible respondents living near the Upper portion of Opequon
Creek would not have been sampled. This zip code also met the above criterion of having
at least half of its area within the watershed. Zip codes were sampled based on Census
household estimates as well as Census block estimates using ArcView Software. A
possibility existed that a household outside of the watershed in each sampled zip code
could obtain a survey. However, this error was minimized by using ArcView.
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Figure 3.3- Map of the Sampled Zip Codes. *Produced by Dr. Tatiana Borisova
Although recommendations from Dillman (2000) were used to design and
develop the survey instrument, this author’s recommendations were not used for the
sampling procedure. Dillman (2000) describes the traditional sampling procedure, which
uses a smaller sample with multiple rounds of mailing to solicit responses. However,
because of time and budget constraints, an alternative strategy was adopted which used a
larger sample, with only one round of mailings to the general public with a follow-up
reminder postcard.
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Because of only one mailing, as well as other distribution practices, their may be a
potential for low response rates. Limited financial resources prevented me from
completing various mail survey distribution practices. These practices include advanced
warning of the survey request or an incentive (reward) to complete the questionnaire.
However, less costly practices were adopted in hopes of attracting more respondent’s.
The logo of a university affiliated with this study was included on the cover of all
questionnaires sent to Virginia residents, and the watershed organization associated the
TMDL IP was included as a singer in the cover letter. Including the name of this
university and organization was done to show Virginia residents that local Virginia
entities were associated with the survey. Lastly, the potential for survey non-response
error will be mitigated through statistical techniques and using different methods of
analysis.
To increase survey response rates, a reminder postcard was designed and mailed
to all households that received the survey instrument (Appendix 2). This includes
households of the 4,800 general public random sample as well as the 200 sampled
Virginia riparian landowner households. A second survey was not mailed to general
public households but was distributed to the sampled Virginia riparian landowners. In
addition to this, two local newspapers within the watershed were contacted and asked to
write an article detailing the survey. The Winchester Star, published in Winchester,
Virginia and The Journal, published in Martinsburg, West Virginia both published
articles about the study to coincide with survey distribution.
Table 3.2 summarizes the dates which materials were mailed to all three subsamples. Virginia riparian landowner surveys were mailed to potential respondents first,
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approximately the middle of August. After this, general public surveys were mailed the
first week of September by CPNS. Reminder postcards were mailed near the end of
September and beginning of October. A second set of surveys to all Virginia riparian
landowner households was mailed during the second week of September, allowing for an
eight week interval between survey mailings.
Table 3.2- Summary of the Dates which Materials were mailed.
Date of first survey
Date of reminder
Survey
distribution
postcard distribution
Virginia riparian
August 19th, 2005
September 24th, 2005
landowner
Virginia general
September 2nd, 2005
October 4th, 2005
public
West Virginia
September 9th, 2005
October 11th, 2005
general public

Date of second
survey distribution
October 10th, 2005
-

3.4 Empirical Model Specification
For each sub-sample, different empirical WTP models were developed with the
assumption that an individual WTP is a function of a set of explanatory variables. A
generic WTP model for each sub-sample can be represented as:
(3-1)

WTPi = WTPi (Ki, Xi, Si),

where WTPi is individual i’s maximum WTP for improved water quality within a
designated portion of the watershed; Ki represents variables concerning individual i’s use
and knowledge of the creek; Xi represents variables concerning individual i’s attitudes
and opinions of local environmental quality including aquatic ecosystems; and Si
represents socio-economic characteristics for individual i.
The empirical model employed to analyze the survey data is a grouped tobit
model, which is grounded in the formulation by Greene (2002). The tobit model is an
extension of the probit model and was developed by Tobin (1958). Tobit models refer to
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regression models where the dependent variable is constrained in some way (Amemiya,
1984). In other words, the tobit model is a censored regression model.14 Kennedy (2003)
defines a censored sample as one when observations on the dependent variable,
corresponding to known values of independent variables, are not observable. The tobit
model is referred to as a limited dependent variable model because of the restrictions put
on the values taken by the regressand (Gujarati, 2003). A common feature of WTP data is
that observations on the dependent variable, which lie within a certain range, are reported
as a single value. Because of this, tobit models are employed when observations which
are less than zero, can be translated to (reported as) zero values (Kennedy, 2003).
A grouped tobit model is based on a censoring of the dependent variable, WTP.
The grouped tobit model censors the dependent variable into categorical data (Greene,
2002). The grouped tobit model differs from the ordered probit in that the threshold
values are known (Greene, 2002). As described by Rosenberger, Collins and Svetlik
(2005), a payment card elicitation technique results in value responses based on intervals
or groups. While the thresholds separating the intervals are known, the exact WTP value
for each respondent is not observed, resulting in ordinary least squares estimators
providing biased estimates (Cameron and Huppert, 1989). Because a respondent’s
maximum WTP was elicited using a modified payment card approach, a grouped model
is best where an efficient maximum likelihood estimator can be used to fit a bid function
to the valuation data.
Respondents were divided into two groups, one consisting of supporters of the
improvement plan, and another consisting of those individuals who opposed or would
14

Censored regression models should be distinguished from truncated models which refer to the use of
models when values on independent variables are known, only when the dependent variable is observed
(Wooldridge, 2006).
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remain neutral regarding the clean-up plan. It was assumed that supporters of the cleanup plan had a positive WTP for water quality improvements, while individuals who
oppose or remain neutral about the plan had a zero WTP for water quality improvements.
Only those individuals who had a positive WTP for water quality improvements, were
included in the model. Kennedy (2003) asserts that this type of sample selection should
be met with caution when generalizing to the larger population as well as because some
researchers arbitrarily determine which observations should be included in the model.
However, sample selection bias should not be an area of concern for this analysis. Sample
selection bias was negated by including non-protest zero WTP respondents when
estimating household and aggregate WTP values. Symbolically, each observation on
WTP is bounded between observed lower and upper limits from the modified payment
card:15
(3-2)

WTP = 1 if WTP* < 5,
2 if 5 ≤ WTP* < 10,
3 if 10 ≤ WTP* < 15,
#

#

J if WTP* ≥ 1,000.
Formally, the grouped data tobit model is represented in Greene (2002), when the
dependent variable is not observed, as:
(3-3) (Unobserved)

WTP* = β ′ X + ε where ε ~ N (0, σ 2).

When the dependent variable is observed, the model is represented by Greene (2002) as:
(3-4) (Observed) WTP = j if Aj-1 ≤ WTP* < Aj where j = 1 to J, A0 = - ∞ , and AJ = + ∞ .
15

The values on the modified payment card can be found in question 9(b), 10(b) and 13(b) in the West
Virginia, Virginia and riparian landowner surveys respectively (Appendix 1).
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However, because one’s exact (true) WTP was not reported, equation (3-3) will be used
for this study.
Because the threshold values are known, an estimate of the scale parameter ( σ )
of WTP* is also provided. Let Li and Ui denote the lower and upper limits respectively, of
the payment card interval in which WTPi is observed. When WTPi is equal to 1, then Li is
- ∞ and Ui is A1. The conditional mean function is the expected value of WTP* in this
range. The log likelihood function to maximize becomes:
n

(3-5)

log L =

∑ log [ Φ (ZUi) – Φ (ZLi)],
i=1

where Φ ( ⋅ ) is the cumulative standard normal density function, Zji = (j - β ′ X), and
j=lower (L) or upper (U) interval limits for respondents (i=1 to n).
Table 3.3 describes the independent variables created from the survey instrument
and included in the analysis. These variables were chosen because of similar previous CV
studies as well as economic theory. In addition, these variables were chosen because of
their importance with respect to this study. All variables except QUALITY and
DISTRUST are expected to have a positive relationship with a respondent WTP.

Uncertainty surrounds the sign on variables GENDER, LIFE and LAND. There is
uncertainty with these variables because of several different arguments that could be
made describing their relationship with WTP as well as the findings in previous literature.
In previous studies, variables representing one’s use or knowledge of the
environmental problem were found that had a positive relationship with their WTP for
the environmental improvement (Collins, Rosenberger and Fletcher, 2005; Rosenberger,
Collins and Svetlik, 2005). One could also expect that as your use and knowledge of a
creek increases, so would your WTP to improve it. In addition, previous studies found
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that variables representing one’s opinion of their environment had a negative relationship
with their WTP for an environmental improvement (Eisen-Hect and Kramer, 2002;
Rosenberger, Collins and Svetlik, 2005). One could also expect that as your opinion of
the environment decreases, your WTP to clean it up increases.
Dependent on the question, socio-economic variables were thought to have a
varying relationship with regard to a respondent WTP for this environmental
improvement project. From previous studies, income, age and years of education are all
thought to have a positive effect on a respondent WTP (Brox, Kumar and Stollery, 2003;
Collins, Rosenberger and Fletcher, 2005; Stumborg, Baerenklau and Bishop, 2001;
Whitehead, 2000). Uncertainty surrounds the sign on variables representing a
respondent’s gender, time spent within the watershed and status of being a landowner.
Hurly, Otto and Holtkamp (1999) and Stumborg, Baerenklau and Bishop (2001) found
that being a male negatively influenced one’s WTP. However, Collins, Rosenberger and
Fletcher (2005) found that being a male positively influenced a respondent’s WTP for a
watershed improvement project. Hurly, Otto and Holtkamp (1999) also found that
owning a home negatively influenced one’s WTP for an environmental improvement
plan. Because different arguments can be made for these variables, their signs are
uncertain.
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Table 3.3- Summary of Variable Names, Description and Coding.
Variable
Variable description
name
Grouped category of maximum willingness-to-pay for
WTPWV
water quality improvements in West Virginia.
Grouped category of maximum willingness-to-pay for
WTPVA
water quality improvements in Virginia.
1= Familiar with the Upper portion of Opequon Creek, 0
FAMILUP
otherwise.
1= Familiar with the West Virginia portion of Opequon
FAMILWV
Creek, 0 otherwise.
1= Familiar with the opposite portion of Opequon
FAMIL
watershed, 0 otherwise.
1= Use creeks for recreation, 0 otherwise.
USE
1= Acknowledged general environmental problems in
GENPROB
creeks, 0 otherwise.
1= Aware of sewage problems in creeks, 0 otherwise.
SEWAGE
DIRTSED
QUALITY
CONCERN
TMDL
TMDLEDU
SWIM
FISH
VOTE
FISHSTOC
PUBACC
DISTRUST
GENDER
AGE
EDU

1= Aware of dirt/sediment problems in creeks, 0 otherwise.
1= Quality of environment in past few years has improved,
0 otherwise.
1= Very concerned about fish and other aquatic life, 0
otherwise.
1= Aware of TMDL, 0 otherwise.
Interaction variable, TMDL*EDU. 1= aware of TMDL and
college or graduate school educated, 0 otherwise.
1= Regularly swim in a lake, creek, or river, 0 otherwise.
1= Regularly fish in a lake, creek, or river, 0 otherwise.
1= Voted in support for the in-state clean-up plan, 0
otherwise.
1= Would like fish stocking as an improvement, 0
otherwise.
1= Would like public access for fishing and recreation as
an improvement, 0 otherwise.
1= Distrust local government to make decisions about the
clean-up of watershed creeks, 0 otherwise.
1= Female, 0 otherwise.
A respondents age (years).
1= Education level with at least a college degree, 0
otherwise.
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Expected
sign
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(-)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(-)
(?)
(+)
(+)

Variable
name
LAND
RIPLAND
LIFE
INCOME

Variable description

Expected
sign

1= Home or residential landowner, 0 otherwise.
1= Riparian landowner, 0 otherwise.
1= Lived within the watershed their entire life, 0 otherwise.
Mid-point of survey categories. Under $10k category=
$10k, $200K+=$250k ($1,000’s).

(?)
(+)
(?)
(+)

3.5 Methods of Analysis

Initial econometric models were developed using ordinary least squares and
logit.16 Final household WTP values for in-state and out-of-state water quality
improvements were estimated using a grouped tobit econometric model. The software
package LIMDEP was employed for this estimation process (Greene, 2002). Because the
modified payment card approach was employed in the CV question, a grouped tobit
model was needed to estimate a household WTP. Because a lognormal conditional
distribution for WTP was used, the individual fitted conditional means and medians of
WTP are easily reconstructed from the data (Cameron and Huppert, 1989). The
individual fitted median WTPi for individual i is exp( β Xi). The individual fitted mean
WTP values are calculated by scaling the mean by the estimated constant equal to
exp( σ 2/2), or conditional mean WTPi = exp( β Xi + σ 2/2). Thus, the conditional mean is
sensitive to σ values, where median estimates do not take σ values into account.
Individual mean and median annual WTP values were averaged over all respondents,
including those respondents reporting a non-protest zero WTP. This was done to provide
weighted estimates of the conditional average annual mean and conditional average
annual median (Rosenberger, Collins and Svetlik, 2005).

16

Preliminary models were estimated but were never seriously considered. These models were developed
mostly as a learning tool.
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In CV surveys, there is often a proportion of the sample that is not willing-to-pay
to obtain (avoid) an increase (decrease) in an attribute of a particular environmental
public good. These responses are known as protest zeros (Lindsey, 1994). Protest beliefs
are representative of attitudes towards the valuation process (Jorgensen and Syme, 2000).
Jorgensen and Syme (2000) state that protest responses may stem from insufficient
information, dissension towards the payment vehicle or pollution abatement intervention,
ethical objections, or belief that it is the government’s responsibility to fix environmental
problems rather than the individual.
To identify protest zeros, respondents were asked to explain their zero WTP bids.
Respondents did so by answering a follow-up question to determine if their responses
were zero WTP values or protest responses to the survey or survey context (Collins,
Rosenberger and Svetlik, 2005). To analyze protest responses, the number of respondents
who stated a zero WTP value for each sub-sample was calculated. These respondents did
so for a variety of reasons which included opposing the clean-up plan, remaining neutral
about the plan or supporting the plan. These respondents were excluded from the grouped
tobit model because it examined only those respondents with a positive WTP.
After splitting the sub-samples between supporters and non-supporters, the
number of respondents who were protesting against at least one aspect of the CV question
was determined. Because these respondents are protesting against the CV question, they
can not be included when calculating WTP. For this study, protest responses included
those who think that someone else should pay for water quality improvements, taxes were
not the best way to pay for these improvements, or the improvements could not be
accomplished.
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Comparisons of model coefficients were done using a log likelihood ratio (LLR)
test (Gujarati, 2003). The LLR test statistic used was 2*(LLRU –LLRR) using a χ 2
distribution with degrees of freedom equal to the number of restrictions imposed by the
null hypothesis. LLRU is the log likelihood ratio for the unrestricted model, which was
computed from the sum of the individual LLRs from each sub-sample model. LLRR is the
log likelihood ratio for the restricted model based on combining the two sub-samples into
one pooled sample. For in-state WTP, two separate log likelihood tests were conducted
comparing the WVGP and VAGP sub-samples and comparing the VAGP and VARL
sub-samples. These LLR tests were conducted using WTP for in-state water quality
improvements as the dependent variable in grouped tobit models.
When comparing WTP for in-state improvements by WVGP and VAGP subsamples, the null and alternative hypotheses for the estimated coefficients were:
Ho: βWVGP = βVAGP (restricted model)
H1: βWVGP ≠ βVGP (unrestricted model).
When comparing WTP for in-state improvements by VAGP and VARL subsamples, the null and alternative hypotheses for the estimated coefficients were:
Ho: βVAGP = βVARL (restricted model)
H1: βVAGP ≠ βVARL (unrestricted model).
A third comparison of model coefficients was done using a LLR test. This was
completed using WTP for out-of-state improvements and was conducted comparing the
WVGP and VAGP sub-samples. In this LLR test, WTP for out-of-state water quality
improvements was the dependent variable in grouped tobit models. When comparing
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WTP for out-of-state improvements by WVGP and VAGP sub-samples, the null and
alternative hypotheses for the estimated coefficients were:
Ho: βWVGP = βVAGP (restricted model)
H1: βWVGP ≠ βVGP (unrestricted model).
While conducting all three LLR tests, each of the models contained identical variables
from similar questions in each survey. Each model also contained the identical number of
variables.
A range of discount rates were determined for a sensitivity analysis of in-state
WTP results. Discount rates were needed to bring future clean-up payments to present
day dollar value. After a thorough review of literature concerning possible discount rates
for this study, it was clear that there was not one correct discount rate (Frederick,
Loewenstein and O’Donoghue, 2002; Gately, 1980; Hausman, 1979; Metcalf and
Hassett, 1999; Train, 1985). In the survey instrument, respondents were asked to pay for
improved water quality within their state over a five-year time span. The literature which
seemed most related to this type of decision was consumer energy related decision
making literature. While conducting a literature review concerning discount rates,
discount rates were found for numerous types of decision including wage-risk decisions,
auto-safety decisions, consumer energy related decisions and financial payment decisions
(lump sum vs. annuity).
Two literature reviews, Train (1985) and Frederick, Loewenstein and
O’Donoghue (2002) detail discount rates for consumer energy related decision making.
In these studies, consumers were asked how much money they needed to save per month
in energy bills, to pay an extra specified sum up front for the respective good. This
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question poses a similar trade off as in the CV question. In the CV question, respondents
were asked how much they were willing-to-spend per year, over five years to improve
water quality within their state’s portion of Opequon and/or Creeks. The basis for two of
the discount rates used comes from the type of decision making process detailed in Train
(1985). A third discount rate, a market interest rate, was chosen to provide a thorough
analysis of discounting future payments. A market interest rate is appropriate because it
allows for estimates to be put in the context of the cost of capital. Studies such as Brox,
Kumar and Stollery (2003) and Eisen-Hecht and Kramer (2002) use this type of discount
rate to aggregate yearly benefits over time.
To determine the first of three discount rates, the mid-point was calculated from
discount rates summarized in Train (1985) (Table 3.4). After this was done, these midpoints were averaged to determine one discount rate. Train (1985) states discount rates
for energy related appliances such as air conditioners and refrigerators, as well as other
appliances, unspecified actions, space heaters and automobiles.
Table 3.4- Summary of Discount Rates obtained through Energy related decision
making.
Type of energy related decision
Discount rate range
Thermal integrity
10% – 32%
Space heating and fuel type
4.4% – 36%
Air conditioning
3.2% – 29%
Refrigerators
39% – 100%
Other appliances
18% – 67%
Automobiles
2% – 41%
Unspecified actions
3.7% – 22.5%

When averaging the mid-point of studies referenced in Train (1985), a discount
rate of approximately 29% is obtained. The second discount rate was also calculated by
using studies referenced in Train (1985). Instead of averaging the mid-point of these
studies, the low discount rate from these studies was averaged. When averaging the low
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discount of the some studies referenced in Train (1985) (Table 3.4), a discount rate of
approximately 11% was calculated. For the third discount rate, a five-year Treasury bill
interest rate of 4.25% was used. This is a five-year market rate of interest and was found
on February 16th, 2006 (Bloomberg.com).
To statistically control for the potential for non-response error, respondents were
assumed to have a different WTP than non-respondents. Using the grouped tobit model,
respondent and non-respondent WTP was modeled separately. Using these three discount
rates, in-state median WTP calculations were done for both respondent and nonrespondent WTP estimates. Median WTP calculations included positive and non-protest
zero WTP responses. Discounting took place for years one through four. WTP values for
in-state clean-up were discounted using the formula,
4

(3-6)

WTPPV =

∑ WTP
n =1

FV

⎡
⎤
1
⎢ (1 + δ ) n ⎥ ,
⎣
⎦

where WTPPV is the present value WTP of future WTP payments, WTPFV is the sum of
five future value WTP estimates at year zero for in-state clean-up, δ is the selected
discount rate and n is the number of years WTP is discounted. A respondent WTP for instate clean-up can be written as:
(3-7)

WTPri = WTPrPV,

where WTPri is equal a respondent WTP for in-state clean-up for five years discounted
using equation (3-6). To calculate in-state WTP for a non-respondent:
(3-8)

WTPni = WTPnPV,,

where WTPni is equal a non-respondent WTP for in-state clean-up for five years
discounted using equation (3-6). Because out-of-state payments were phrased as a one-
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time donation, no discounting of this payment was needed. WTP by a respondent for outof-state clean-up is equal to,
(3-9)

WTPro = WTPr,

where WTPro is equal a respondent WTP for out-of-state clean-up. WTP by a nonrespondent for out-of-state clean-up is equal to,
(3-10)

WTPno = WTPn,

where WTPno is equal a non-respondent WTP for out-of-state clean-up.
To aggregate household WTP estimates, three scenarios were created which
reflected a range of aggregate WTP possibilities (Table 3.5). This method of analysis was
also completed to control for the possibility of non-response error.
Table 3.5- Summary of Scenarios to Reflect the Range of Aggregate WTP Possibilities.
Scenario
Description
• Respondents and non-respondents are assumed to have the same WTP
found by using sample information and the grouped tobit model.
High
• Survey demographics are assumed the same as the watershed
demographics.
• Respondents and non-respondents are assumed to have a different WTP,
separately estimated by using the grouped tobit model.
• Survey demographics are not assumed the same as the watershed
demographics.
• Respondent WTP estimated using sample observations while nonMedium
respondent WTP estimated by using imputed values, respondent
coefficient estimates and watershed Census statistics.
• The proportion of households that represent respondent WTP is equal to
the overall survey response rate and the proportion of households that
represent non-respondent WTP is equal to the overall survey nonresponse rate.
• Respondent WTP estimated by using sample information and the
grouped tobit model.
• Non-respondents are assumed to have a zero WTP.
Low
• The proportion of households that represent respondent WTP is equal to
the overall survey response rate and the proportion of households that
represent non-respondent WTP are assumed to have a zero WTP.
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These scenarios differed by their underlying assumptions and are known as Low,
Medium and High. Although the assumptions differed, all three scenarios used grouped

tobit median estimated WTP. Median WTP estimates were chosen because of their
conservative properties. These scenarios were created on the aggregate level in part to
control for the possibility of survey unit non-response. These scenarios also allow for
non-respondents to be treated differently than respondents. Treating non-respondents
differently than respondents enables WTP to be calculated for both respondents and nonrespondents. In addition, because survey response rates could be low with one large
sample, this type of analysis is necessary.
The first scenario by which WTP estimates were projected to the population was
to assume that sample respondents represent the watershed population. This scenario is
known as the High scenario. Given a low response rate and a possibility of differences
between watershed Census demographics and survey demographics, this scenario would
more than likely over estimate the total economic benefits of improved water quality. To
obtain total WTP values under the High scenario, median WTP estimates would be
multiplied by the total number of households within the state zip codes. This can be
represented by:
j

(3-11)

WTPTH = ∑ (WTPri + WT Pr o ) ,
i =1

where WTPTH is the total WTP for improved water quality in the entire watershed, WTPri
is the median household WTP by respondents for in-state clean-up, WTPro is the median
household WTP by respondents for out-of-state clean-up, j is equal to the total number of
households within the watershed. Under this scenario, the assumption is that the sample
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contains the same percentage of supporters and/or individuals opposed to the restoration
project as in the population.
A second scenario that WTP estimates were aggregated to the population is to
assume that sub-sample respondents represented the same percentage of households in
the population. Non-respondents were assumed to have a positive WTP different than
respondents. As previously discussed, this statistical method was employed to control for
the possibility of non-response error. This scenario is known as the Medium scenario and
most likely represents the closest estimate of the total economic benefits for improved
water quality within Opequon watershed. Respondent WTP represented the total number
of households’ times the survey response rate. It was then assumed that non-respondent
households had a WTP value which was estimated through the use of grouped tobit
model coefficients, imputed values and watershed Census data. Because the VARL subsample obtained higher response rates compared to the general public sub-samples, nonrespondent WTP values were not estimated for riparian landowners. These assumptions
can be represented by:
(3-12)

k

m

i =1

o =1

WTPTM =∑ (WTPri + WTPni ) + ∑ (WTPro + WTPno ) ,

where WTPTM is the total WTP for improved water quality within Opequon watershed
using Medium scenario assumptions, WTPri is the total median household WTP by
respondents for in-state clean-up, WTPni is the total median household WTP by nonrespondents for in-state clean-up, WTPro is the median household WTP by respondents
for out-of-state clean-up, WTPno is the median household WTP by non-respondents for
out-of-state clean-up, k is the proportion of households that represent respondents, m is
the proportion of households that represent non-respondents.
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The third scenario by which WTP estimates were projected to the population was
to assume that respondents represented the survey response rate of the population and
that non-respondents had zero WTP for improved water quality within Opequon
watershed. This is known as the Low scenario and is the most conservative scenario.
These assumptions can be represented by:
(3-13)

k

WTPTL = ∑ (WTPri + WTPro ) ,
i =1

where WTPTL is the total WTP for improved water quality within Opequon watershed
using Low scenario assumptions, WTPri is the total median household WTP by
respondents for in-state clean-up, WTPro is the total median household WTP by
respondents for out-of-state clean-up, k is the proportion of households that represent
respondents in the watershed.
After all assumptions were made, WTP estimates were projected to the population
for in-state and out-of-state clean-up resulting in the total economic benefits of improving
water quality within Opequon watershed.
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4.0 Results
Results were obtained from a contingent valuation (CV) survey instrument that
was mailed during the middle of August and the first two weeks of September 2005. This
survey was administered by mail to general public residents of selected zip codes within
the Virginia and West Virginia portions of Opequon watershed. Results were also
obtained from a mailing to randomly selected Virginia riparian landowners on Opequon
or Abrams Creeks. Results were received from the first of September 2005 through end
of February 2006.
4.1 Survey Response Rates

Mail survey response rates were calculated from a total of 625 completed survey
questionnaires. This includes a total of 230 questionnaires from Virginia general public
(VAGP) residents, 332 questionnaires from West Virginia general public (WVGP)
residents and 63 questionnaires from Virginia riparian landowner (VARL) households.
Response rates for each sub-sample are summarized in Table 4.1. Throughout this
section, results will be discussed for all three sub-samples: WVGP, VAGP and VARL
households.
Although 5,000 surveys were mailed, approximately 4,961 were able to be
delivered to their correct address. This was because of surveys being returned as
undeliverable or the passing away of possible respondents. The overall response rate was
fairly low, approximately 13%, although a fairly high number of completed surveys were
returned (625). The response rate is on the low end when examining previous, similar CV
surveys found in Table 2.1. This low response rate could be attributed to only one
mailing to all WVGP and VAGP households. In addition, the large initial sample
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contributed to this. The response rate for VARL households was approximately 36%.
One possible reason for a higher response rate for this sub-sample, compared to the
general public, is because of a second mailing of survey instruments. Approximately 20
additional VARL questionnaires were received because of this second round of survey
distribution (approximately one-third of total responses).
Table 4.1- Summary of Survey Response Rates.
Surveys
Surveys
returned for
Initial
returned as
Sub-sample
some other
mailing
undeliverable
reason
WVGP
2,500
10
3
VAGP
2,300
0
3
VARL
200
23
0
Total
5,000
33
6

Total
sample

Total
returned

Response
rate
(%)

2,487
2,297
177
4,961

332
230
63
625

13
10
36
13

4.2 Survey Demographics

Once all mail survey questionnaires were received, respondents were compared to
watershed population statistics from the 2000 Census (United States Census Bureau,
2000). Table 4.2 summarizes the comparison between WVGP respondents and 2000
Census data. WVGP respondents consisted of more male respondents, who were older,
better educated, and with higher incomes compared to Census statistics. Also, more
WVGP respondents owned their own housing unit compared to Census statistics.
Table 4.2- Summary of Comparing West Virginia Respondents to Census Data.
Income
Bachelor
Median
Owner occupied
greater than
degree or
Male
age
housing units
$50,000
higher
(years)
WV watershed
49.5%
36.0
15.0%
71.4%
35.3%
population
WVGP
69.0%
52.0
40.0%
84.0%
51.0%
respondents

Similar results were obtained when comparing VAGP respondents to Census data
(United States Census Bureau, 2000) (Table 4.3). VAGP respondents and VARL
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respondents also consisted of more male respondents, who were older, better educated
and had higher incomes. More of these respondents also owned their own housing unit
compared to Census statistics.
Table 4.3- Summary of Comparing Virginia Respondents to 2000 Census Data.
Income
Owner
Bachelor
Median age
greater than
occupied
degree or
Male
(years)
$50,000
housing units
higher
VA watershed
49.2%
36.0
21.6%
61.8%
39.0%
population
VAGP
60.0%
51.0
53.0%
79.0%
53.0%
respondents
VARL
56.0%
54.0
57.0%
84.0%
72.0%
respondents

Differences can be found between sub-samples when comparing WVGP
respondents to VAGP respondents. WVGP respondents consisted of more male
respondents, who were slightly older, with less education and with generally lower
incomes, compared to VAGP respondents. Differences can also be found when
comparing VARL respondents and VAGP respondents. Compared to VAGP respondents,
VARL respondents consisted of slightly more female respondents, who were older, with
more education and with higher incomes. In addition to this, more VARL households
owned their occupied housing unit compared to VAGP respondents. When comparing
Census data between West Virginia and Virginia residents, similarities are found with
regard to gender and age. When examining education and income, West Virginia has
slightly fewer college educated residents with slightly lower incomes. However, more
West Virginians own their own housing unit compared to Virginians.
4.3 Survey Responses

Summary statistics were computed for individual responses to all questions on the
distributed survey instrument. Table 4.4 compares results for selected questions.
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Table 4.4- Summary of Selected Questions from General Public Respondents.17
West
Virginia
Question
Virginia
(N=230)
(N=332)
1. With what portions of Opequon Creek, if any, are you
Percentage
Percentage
familiar?
The portion of Opequon Creek in Virginia.
13%
79%
The portion of Opequon Creek in West Virginia.
79%
9%
Not familiar with any portion of Opequon Creek.
18%
23%
2. Have you ever used Opequon Creek for fishing,
swimming, wading, hiking along, exploring, wildlife
Percentage
Percentage
watching, kayaking or canoeing?
Yes
64%
53%
No
36%
47%
3. Based upon what you know about Opequon Creek, do
you think there are environmental problems associated
Percentage
Percentage
with this creek?
Yes
71%
60%
No
2%
4%
Don’t know
27%
36%
4. If you answered “Yes” in Question 3, what
environmental problems are you aware of on Opequon
Percentage
Percentage
and/or Abrams Creeks?
Trash
86%
81%
Livestock
42%
49%
Lack of recreational opportunities
34%
27%
Flooding and/or storm water runoff
52%
47%
Sewage
58%
32%
Dirt/Sediment
52%
54%
5. How concerned are you about the ability of fish and
Percentage
Percentage
other aquatic life to survive in Opequon Creek?
Very concerned.
57%
46%
Some what concerned.
39%
48%
Not concerned at all.
4%
6%
8. In the past few years, what would you say has happened
Percentage
Percentage
to the overall quality of the environment in your area?
Improved
2%
2%
Stayed the same
17%
18%
Gotten worse
75%
69%
Don’t know
6%
11%

17

The wording of questions varied slightly between WVGP and VAGP sub-samples which make
comparisons not exactly identical.
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Question
11. After cleaning up Opequon Creek, what other
improvements, if any, would you like to see along this
creek?
Walking or biking trails.
Public access for fishing and recreation.
Regular trash clean-up.
Fish stocking
Protection of forests along the creek.
None
Other

West
Virginia
(N=332)

Virginia
(N=230)

Percentage

Percentage

59%
58%
80%
69%
3%
5%

61%
44%
71%
43%
66%
4%
5%

In West Virginia, the majority of respondents were familiar with at least one
portion of Opequon Creek. In addition to this, the majority of respondents had used
Opequon Creek for a stated type of recreational activity and thought that there were
environmental problems associated with this creek. Nearly all respondents were at least
somewhat concerned about the ability of fish and other aquatic life to survive in Opequon
Creek. Very few respondents thought that the overall quality of the environment had
improved in the past few years, with the majority stating that it had gotten worse.
Respondents revealed that they most preferred regular trash clean-ups as an improvement
in Opequon watershed. This improvement was followed by protection of forests along the
creek.
Among VAGP respondents, the majority of respondents were familiar with at
least one portion of Opequon watershed in Virginia. Approximately half of VAGP
respondents had used Opequon or Abrams Creeks for a specified recreational activity.
Very few respondents shared the opinion that there were no environmental problems
associated with these creeks and that they were not at all concerned about the ability of
fish and other aquatic life to survive in Opequon or Abrams Creeks. Also, very few
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respondents thought that the overall quality of the environment had improved in the past
few years and the majority stated that it had gotten worse. As in West Virginia,
respondents revealed that they most preferred regular trash clean-ups followed by
protection of forests along the creek as the top two improvements in Opequon watershed.
The majority (86%) of VAGP respondents were unaware that a Total Maximum Daily
Load (TMDL) had been developed for creeks in this watershed.
Selected question results by VARL households were also analyzed (Table 4.5).
VARL households were found to be most concerned about general stream pollution when
asked about their concerns regarding the creek or stream running through or adjacent to
their property. This response was followed by trash in the stream or creek. Almost all
respondents in this sub-sample were found to be familiar with some portion of Opequon
or Abrams Creeks. The majority of VARL respondents had used Opequon or Abrams
Creeks for a specified recreational activity. In addition, the majority of VARL
respondents shared the opinion that there are environmental problems associated with
Opequon or Abrams creeks. Almost all respondents were very or somewhat concerned
about the ability of fish and other aquatic life to survive in these creeks. Approximately
one-third of VARL respondents were aware of the TMDL that has been developed for
this watershed. Very few VARL respondents thought that the overall quality of the
environment had improved in their area.
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Table 4.5- Summary of Selected Questions from Virginia Riparian Landowner
Respondents.
Riparian
landowner
Question
respondents
(N=63)
1. Which of the following concerns do you have about this stream or
Percentage
creek?
Stream pollution
85%
Stream bank erosion
43%
Stream course changes
21%
Trash in the stream
66%
Flooding
38%
Wildlife
38%
Recreational users
17%
4. With what portions of Opequon and Abrams Creeks, if any, are you
Percentage
familiar?
Upper portion of Opequon Creek.
48%
Abrams Creek
48%
Lower portion of Opequon Creek.
29%
West Virginia portion of Opequon Creek.
11%
5. Have you ever used Opequon or Abrams Creeks for fishing,
swimming, wading, hiking along, exploring, wildlife watching,
Percentage
kayaking or canoeing?
Yes
63%
No
37%
6. Based upon what you know about Opequon and Abrams Creeks, do
you think there are environmental problems associated with these
Percentage
creeks?
Yes
77%
No
5%
Don’t know
18%
8. How concerned are you about the ability of fish and other aquatic life
Percentage
to survive in Opequon and Abrams Creeks?
Very concerned.
46%
Some what concerned.
42%
Not concerned at all.
12%
9. Are you aware that a TMDL has been developed for Opequon and
Percentage
Abrams Creeks?
Yes
30%
No
60%
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Riparian
landowner
respondents
(N=63)

Question
12. In the past few years, what would you say has happened to the
overall quality of the environment in your area?
Improved
Stayed the same
Gotten worse
Don’t know

Percentage
6%
24%
60%
10%

From the responses, differences can be observed between the three sub-samples.
VARLs were found to be slightly more familiar with sections of Opequon Creek than
VAGP respondents. VARL respondents also stated that they used the creeks for
recreation slightly more than VAGP respondents but approximately equal to WVGP
respondents. Having more recreational opportunities in West Virginia than Virginia, may
be one reason for this finding. In addition to this, this result can be attributed to riparian
landowners close proximity to the creeks. Compared to VAGP responses, VARL
households were found to be more aware of the TMDLs developed for this watershed.
Also, compared to responses from the VAGP, VARLs had a better opinion regarding the
overall quality of the environment.
4.4 Household Results to the Contingent Valuation Question
4.4.1 Survey Results18

Approximately 69% of all WVGP respondents were in support of the in-state
water quality improvement plan. Approximately 11% opposed the clean-up plan and 20%
remained neutral or would not participate in the vote. For all WVGP respondents, annual
monetary response values for in-state clean-up ranged from $0 to $500 for five years
(Figure 4.1). The annual mean monetary response value for in-state clean-up by all
18

The results described in this sub-section are for all survey respondents including protest respondents.
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WVGP respondents was approximately $34 while the median value for these respondents
and clean-up plan was $15.
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Figure 4.1- Distribution of monetary responses by WVGP respondents for In-state
Clean-up.

Of those WVGP respondents who opposed or remained neutral about the cleanup, approximately half stated that they support the clean-up of Opequon Creek in West
Virginia but cannot afford higher taxes. Approximately one third of these same
respondents support the clean-up of Opequon Creek but think taxes are not the best way
to pay for it (Figure 4.2).
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this time
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Figure 4.2- Distribution of reasons why Individuals in West Virginia Opposed or Remain
Neural/Not Participate in Funding the In-state Clean-up.
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Approximately 70% of all VAGP respondents were in support of the in-state
water quality improvement plan. Approximately 11% opposed the clean-up plan and 17%
remained neutral or would not participate in the vote. For all VAGP respondents, annual
monetary response values for in-state clean-up ranged from $0 to $1,000 for five years
(Figure 4.3). The annual mean monetary response value for in-state clean-up by all
VAGP respondents was approximately $48 while the median value for these respondents
and clean-up plan was $20.
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Figure 4.3- Distribution of monetary responses by VAGP respondents for In-state Cleanup.

Of those VAGP respondents who opposed or remained neutral about the clean-up,
almost half stated that they support the clean-up of Opequon and Abrams Creeks in
Virginia but cannot afford higher taxes. Approximately one fifth stated they support the
clean-up of Opequon and Abrams Creeks in Virginia but think that taxes are not the best
way to pay for it (Figure 4.4).
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Figure 4.4- Distribution of reasons why Individuals in Virginia Opposed or Remain
Neural/Not Participate in Funding the In-state Clean-up.

Over two-thirds of all VARL respondents were in support of the in-state water
quality improvement plan. Approximately one-third opposed or remained neutral/would
not participate in the vote. For all VARL respondents, annual monetary response values
for in-state clean-up ranged from $0 to $300 for five years (Figure 4.5). The annual mean
monetary response value for in-state clean-up by all VARL respondents was
approximately $54 while the median value for these respondents and clean-up plan was
$25.
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Figure 4.5- Distribution of monetary responses by VARL respondents for In-state Cleanup.

Of those VARL respondents who opposed or remained neutral about the clean-up,
approximately one half stated that they support the clean-up of Opequon and Abrams
Creeks in Virginia but cannot afford higher taxes. Approximately one quarter of these
same respondents stated that they support the clean-up of Opequon and Abrams Creeks in
Virginia but think that taxes are not the best way to pay for it (Figure 4.6).
Cannot afford higher taxes at
this time

48%
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Someone else should pay for
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Percentages

40%
35%

Taxes are not the best way to
pay for it
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environmental problems in
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Figure 4.6- Distribution of reasons why Virginia Riparian Landowners Opposed or
Remain Neural/Not Participate in Funding the In-state Clean-up.
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Approximately 67% of all VAGP and WVGP respondents had a positive
monetary response for the out-of-state water quality improvement plan. Approximately
54% of all VARL respondents had a positive monetary response for the out-of-state water
quality improvement plan. For all three sub-samples, no individual respondent was
willing to donate more than $500 to the clean-up fund for out-of-state improvements. The
mean one-time donation response value for out-of-state clean-up by all VAGP
respondents was approximately $29, while the median value was $10. The mean one-time
donation response value for out-of-state clean-up by all WVGP respondents was
approximately $38, while the median value was $10. The mean one-time donation
response value for out-of-state clean-up by all VARL respondents was approximately
$29. VARL respondents were found to have a median one-time response value of $0
(Table 4.6).
Table 4.6- Summary of Survey Monetary Responses by Sub-Sample and Clean-up Plan.
In-state
Out-of-state
Sub-sample
Mean
Median
Mean
Median
VAGP (N=230)
$48
$20
$29
$10
WVGP (N=332)
$34
$15
$38
$10
VARL (N=63)
$54
$25
$29
$0
4.4.2 Grouped Tobit Model Results

The econometric modeling process began by developing grouped tobit models to
determine if general public sub-samples were similar enough to be combined into one
pooled data set. Selected questions were compared on the basis of log-likelihood ratio
(LLR) tests. These comparisons were done using WTP for in-state clean-up as the
dependent variable. Table 4.7 summarizes the results when comparing VAGP and
WVGP respondents.
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Table 4.7- Summary of Grouped Tobit Model Results when comparing WTP for In-State
Clean-up by VAGP and WVGP Sub-samples. a
Pooled
VAGP
WVGP
Pooled
VAGP
WVGP
coefficient
coefficient
Variable
coefficient
(SE)
(SE)
(SE)
estimate
estimate
estimate
2.2552***
(0.36)
1.7352***
(0.414)
2.1512***
(0.278)
Constant
0.5617*** (0.175) 0.4814***
(0.175)
0.4925***
(0.126)
USE
0.1291
(0.192)
-0.0337
(0.215)
0.0407
(0.143)
GENPROB
0.0621
(0.155)
-0.2048
(0.19)
-0.019
(0.122)
DIRTSED
0.1712
(0.138)
0.3045**
(0.152)
0.2049*
(0.105)
CONCERN
-0.1239
(0.16)
0.1241
(0.184)
-0.0466
(0.122)
FISH
-0.6481
(0.442)
-1.0879
(0.707)
-0.8952*
(0.377)
QUALITY
-0.1483
(0.142)
-0.0584
(0.16)
-0.1261
(0.109)
PUBACC
0.054
(0.13)
0.3007*
(0.154)
0.1512
(0.101)
DISTRUST
0.1865
(0.152)
-0.0141
(0.16)
0.098
(0.11)
GENDER
***
**
***
0.0129
(0.005)
0.0144
(0.006)
0.0119
(0.004)
AGE
0.0338
(0.139) 0.4336***
(0.157)
0.1886*
(0.106)
EDU
-0.0436
(0.184)
-0.0087
(0.217)
-0.5635
(0.141)
LAND
-0.5726*** (0.164)
0.3217
(0.202)
-0.2303*
(0.13)
LIFE
***
***
***
0.0064
(0.002) 0.0088
(0.001)
0.008
(0.001)
INCOME
0.8337*** (0.047)
0.824***
(0.005)
0.8653***
(0.037)
Sigma
Log-432.18
-318.32
-763.36
likelihood
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

When comparing in-state WTP for WVGP and VAGP sub-samples, the log
likelihood results were -763.36 for the pooled (WVGP + VAGP), -318.32 for VAGP and
-432.18 for WVGP. A test statistic of 25.74 was calculated which is greater than the
statistic following the χ 2 distribution ( χ 20.05,14 = 23.685). Because of this, the null
hypothesis cannot be accepted and the two sub-samples cannot be pooled.
Comparing WTP by the VAGP and WVGP sub-samples, differences are observed
that show these are separate populations. Variable coefficients for CONCERN,
DISTRUST and EDU were found to be statistically significant in determining WTP for

in-state clean-up by the VAGP sub-sample but not for the WVGP sub-sample. The
variable coefficient for LIFE was found to be statistically significant for the WVGP sub-
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sample but not for the VAGP sub-sample. These differences lead to the creation of
separate models for each general public sub-sample when estimating in-state WTP.
Initial grouped tobit models were examined for each general public sub-sample
which led to the estimation of a final grouped tobit model. Final grouped tobit models
deviated from initial models. Variables found to have low explanatory power were
dropped and not included in final models. No quantitative standard was determined for
dropping variables but those that seemed less likely to influence a respondent WTP were
not included. LIMDEP estimation results for all final grouped tobit models can be found
in Appendix 3. Table 4.8 summarizes the results for the initial grouped tobit VAGP instate WTP model.
Table 4.8– Summary of Initial Grouped Tobit Model Results for WTP by VAGP
respondents for In-state Clean-up. (N=131)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
1.7066***
(0.404)
0.3182**
(0.153)
Constant
DISTRUST
-0.0431
(0.17)
-0.0669
(0.162)
FAMILUP
GENDER
0.4642***
(0.179)
0.0159***
(0.006)
USE
AGE
-0.013
(0.222)
0.4744***
(0.161)
GENPROB
EDU
-0.2311
(0.194)
-0.0657
(0.221)
DIRTSED
LAND
0.3341**
(0.154)
0.415**
(0.21)
CONCERN
LIFE
***
0.219
(0.218)
0.0084
(0.001)
TMDL
INCOME
0.1258
(0.19)
FISH
-1.0668
(0.703)
0.8182***
(0.055)
QUALITY
Sigma
-0.1002
(0.167)
Log-likelihood
-309.86
FISHSTOC
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

Table 4.9 summarizes the final grouped tobit model developed for WTP by
VAGP respondents for in-state clean-up. In the initial VAGP grouped tobit in-state model
(Table 4.8), it was expected that DISTRUST would have a negative sign on the
coefficient. However, DISTRUST was found to have a positive coefficient and be
statistically significant. The positive sign indicated that those respondents who distrust
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local government to make environmental decisions about the clean-up of Opequon Creek,
have a higher WTP for the clean-up plan. This finding did not agree with expectations or
intuition. Because of this positive coefficient, a correlation matrix was computed to
examine the variable DISTRUST. Examining this correlation matrix led to a logit model
that had DISTRUST as the dependent variable. However, this model added little insight to
the problem.
Instead, a contingency table was created to examine the variables DISTRUST,
TMDL and EDU. From this contingency table it was determined that DISTRUST was

being influenced by both TMDL and EDU. Both variables TMDL and EDU were found to
positively influence one’s WTP. Because those individuals who had at least a college
degree and were aware of the TMDL also distrusted local government, the variable
DISTRUST was obtaining a positive coefficient. In the contingency table, the p-value was

stated at approximately 0.08. Because of this p-value, we can reject the null hypothesis at
the 90% confidence level, concluding that DISTRUST, TMDL and EDU are not
independent from one another. This result led us to drop the variable DISTRUST from the
final VAGP in-state grouped tobit model. In addition to this, instead of including the
single TMDL variable, an interaction variable was created and included, by multiplying
TMDL and EDU to create the variable TMDLEDU.
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Table 4.9- Summary of Final Grouped Tobit Model Results for WTP by VAGP
respondents for In-state Clean-up. (N=131)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
1.9073***
(0.4)
-0.1019
(0.156)
Constant
GENDER
***
***
0.4911
(0.17)
0.0166
(0.006)
USE
AGE
-0.2184
(0.164)
0.3970**
(0.164)
DIRTSED
EDU
0.3848**
(0.154)
-0.1748
(0.221)
CONCERN
LAND
*
**
0.5536
(0.291)
0.4549
(0.211)
TMDLEDU
LIFE
0.0995
(0.19)
0.0082***
(0.001)
FISH
INCOME
*
***
-1.2084
(0.693)
0.8269
(0.055)
QUALITY
Sigma
-0.1189
(0.168)
Log-likelihood
-310.76
FISHSTOC
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

Virginia general public residents who use the creeks for recreation and are very
concerned about the ability of fish or other aquatic life were found to have a higher WTP
for improved water quality in the Virginia portion of Opequon watershed. In addition,
VAGP respondents who are aware of the TMDL and have at least a college education,
have lived with the watershed all their lives and have higher incomes were also found to
have a higher WTP for making Opequon and Abrams Creeks swimmable and wadable in
Virginia.
To determine if the VARL sub-sample could be pooled with the VAGP subsample, a second LLR test was conducted which compared log likelihood function results
from these two sub-samples (Table 4.10)
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Table 4.10- Summary of Grouped Tobit Model Results when comparing WTP for InState Clean-up by VAGP and VARL Sub-samples. a
Pooled
VARL
VAGP
Pooled
VARL
VAGP
coefficient
coefficient
Variable
coefficient
(SE)
(SE)
(SE)
estimate
estimate
estimate
1.7766***
(0.406)
3.1493***
(0.959)
1.9273***
(0.387)
Constant
0.519***
(0.176)
-0.1691
(0.309)
0.3906**
(0.16)
USE
*
-0.071
(0.216)
-0.727
(0.443)
-0.2054
(0.195)
GENPROB
-0.204
(0.191)
0.7128**
(0.343)
-0.051
(0.172)
DIRTSED
0.3346**
(0.152)
0.1683
(0.297)
0.3404**
(0.141)
CONCERN
**
-0.0967
(0.332)
1.427
(0.57)
0.1439
(0.294)
TMDL
0.547
(0.451)
-0.8548
(0.715)
0.3154
(0.382)
TMDLEDU
0.1213
(0.184)
-0.0182
(0.465)
0.2096
(0.172)
FISH
-1.094
(0.696)
0.5683
(0.836)
-0.277
(0.538)
QUALITY
-0.0587
(0.163)
0.2355
(0.33)
0.02
(0.149)
FISHSTOC
0.2494
(0.155)
-0.0803
(0.286)
0.2047
(0.138)
DISTRUST
-0.0384
(0.161)
-0.5295
(0.332)
-0.0923
(0.148)
GENDER
***
***
0.0152
(0.006)
0.0134
(0.011)
0.0154
(0.005)
AGE
0.3695**
(0.168)
0.9005**
(0.376)
0.4183***
(0.16)
EDU
-0.0618
(0.222)
-0.0822
(0.436)
-0.1383
(0.199)
LAND
0.3425*
(0.202)
-1.0862**
(0.431)
0.1632
(0.186)
LIFE
***
***
0.0087
(0.001)
0.0014
(0.004)
0.0082
(0.001)
INCOME
***
***
***
0.8172
(0.054)
0.6476
(0.08)
0.848
(0.049)
Sigma
Log-317.18
-77.26
-409.03
likelihood
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

When comparing the VAGP and VARL sub-samples for in-state WTP, log
likelihood results were -409.04 for the pooled (VAGP + VARL), -317.18 for VAGP and 77.26 for VARL. A test statistic of 29.194 was calculated which is greater than the
statistic following the χ 2 distribution ( χ 20.05,16 = 26.296). Because of this, the null
hypothesis cannot be accepted and the two populations cannot be pooled. LLR tests show
that all three sub-samples are separate populations and should not be pooled when
examining in-state WTP.
Comparing the VAGP and VARL sub-samples, different variable coefficients
were found to be statistically significant in determining WTP for in-state water quality
improvements. Variable coefficients USE, CONCERN and INCOME were found to be
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statistically significant in determining WTP for in-state improved water quality by the
VAGP sub-sample but not by the VARL sub-sample. Variable coefficients GENPROB,
DIRTSED and TMDL were found to be statistically significant in determining individuals

WTP for in-state water quality improvements for the VARL sub-sample but not for the
VAGP sub-sample.
Results of this LLR test, initial and final grouped tobit models were developed
when examining in-state WTP for the VARL sub-sample. Table 4.11 summarizes results
from the initial VARL grouped tobit model.
Table 4.11– Summary of Initial Grouped Tobit Model Results for WTP by VARL
respondents for In-state Clean-up.19 (N=37)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
3.1727***
(0.961)
0.2227
(0.332)
Constant
FISHSTOC
0.0816
(0.262)
-0.0635
(0.29)
FAMILUP
DISTRUST
-0.1592
(0.31)
-0.511
(0.337)
USE
GENDER
-0.7491*
(0.448)
0.1274
(0.011)
GENPROB
AGE
**
**
0.7348
(0.349)
0.8774
(0.383)
DIRTSED
EDU
0.1729
(0.297)
-0.1083
(0.444)
CONCERN
RIPLAND
**
**
1.3933
(0.579)
-1.1048
(0.434)
TMDL
LIFE
-0.804
(0.732)
0.0014
(0.004)
TMDLEDU
INCOME
-0.0283
(0.465)
0.6465***
(0.08)
FISH
Sigma
0.5567
(0.835)
Log-likelihood
-77.21
QUALITY
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

Examining the initial VARL in-state grouped tobit model (Table 4.11), variables
dropped included, FAMILUP, USE, CONCERN, TMDLEDU, FISH, QUALITY,
FISHSTOC, DISTRUST, AGE, RIPLAND and INCOME. These variables were also

dropped because of their lack of explanatory power. All of these variables had p-values
greater than 0.5. Dropping these variables produced a final grouped tobit model for the
VARL sub-sample when examining in-state WTP (Table 4.12).
19

VARL models for in-state and out-of-state clean-up did not exclude respondents who had stated that they
were not riparian landowners (14 respondents).
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Table 4.12- Summary of Final Grouped Tobit Model Results for WTP by VARL
respondents for In-state Clean-up. (N=37)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
3.984***
(0.346)
0.7455***
(0.271)
Constant
EDU
***
-0.5945
(0.393)
-1.242
(0.408)
GENPROB
LIFE
0.7582**
(0.327)
DIRTSED
0.9039***
(0.317)
0.7092***
(0.088)
TMDL
Sigma
***
-0.6458
(0.247)
Log-likelihood
-80.61
GENDER
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

Virginia riparian landowners who are male, have at least a college education,
think there are dirt or sediment problems within the creeks and are aware of the TMDL
were found to have a higher WTP for improved water quality within the Virginia portion
of the Opequon watershed.
Because LLR test results for both general public sub-samples found the two subsamples to have different coefficients in determining WTP for in-state clean-up, initial
and final grouped tobit models were also developed for the WVGP sub-sample. Initial
model results are summarized in Table 4.13.
Table 4.13– Summary of Initial Grouped Tobit Model Results for WTP by WVGP
respondents for In-state Clean-up. (N=178)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
2.2489***
(0.36)
0.1056
(0.132)
Constant
DISTRUST
-0.0317
(0.189)
0.2147
(0.154)
FAMILWV
GENDER
***
***
0.5383
(0.176)
0.0131
(0.005)
USE
AGE
0.1031
(0.194)
0.0485
(0.14)
GENPROB
EDU
0.0836
(0.156)
-0.0435
(0.186)
DIRTSED
LAND
***
0.1479
(0.14)
-0.5269
(0.167)
CONCERN
LIFE
-0.1086
(0.16)
0.0064***
(0.002)
FISH
INCOME
-0.6756
(0.443)
0.8325***
(0.047)
QUALITY
Sigma
-0.1732
(0.144)
Log-likelihood
-428.32
PUBACC
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

When examining the initial WVGP in-state grouped tobit model (Table 4.13),
variables were dropped. These variables include FAMILWV and GENPROB. Although
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EDU and LAND had p-values greater than 0.7, they were included in the final model

because of results found in previous literature that show education and landownership
being a significant determinant of one’s WTP. Final in-state WTP grouped tobit model
results for the WVGP sub-sample are summarized in Table 4.14.
Table 4.14- Summary of Final Grouped Tobit Model Results for WTP by WVGP
respondents for In-state Clean-up. (N=178)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
2.2781***
(0.354) GENDER
0.2196
(0.151)
Constant
0.5646***
(0.167) AGE
0.1338***
(0.005)
USE
0.1178
(0.141) EDU
0.0466
(0.14)
DIRTSED
0.1354
(0.138) LAND
-0.0484
(0.184)
CONCERN
-0.101
(0.16)
-0.514***
(0.166)
FISH
LIFE
-0.7236*
(0.435) INCOME
0.0064***
(0.002)
QUALITY
-0.1697
(0.144) Sigma
0.8331***
(0.002)
PUBACC
0.1052
(0.132) Log-likelihood
-428.47
DISTRUST
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

West Virginia residents who use the creeks for recreation, are older, have the
opinion that the overall quality of their environment has not improved over the past few
years, have not lived within the watershed their entire life and have higher incomes were
found to have a higher WTP for water quality improvements within the West Virginia
portion of Opequon watershed.
In Virginia, more statistically significant variables were found that influence WTP
for in-state water quality improvements, compared to WVGP and VARL households.
Variables USE, CONCERN, TMDLEDU, AGE, EDU, and INCOME were found to all
positively influence an individual’s WTP for in-state water quality improvements within
Opequon watershed. Variables QUALITY, GENPROB and GENDER were found to
negatively affect WTP for in-state water quality improvements. The LIFE variable
indicting how long an individual has lived within the watershed, switched from being
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positive in the VAGP model to being negative in the WVGP and VARL models.
INCOME was found to be highly significant for both VAGP and WVGP models but was

found to be insignificant for the VARL model.
Results were also obtained through grouped tobit models which explain WTP for
water quality improvements for the adjacent state’s water quality problems. These models
were developed with WTP for out-of-state clean-up as the dependent variable. Compared
to in-state WTP, a similar modeling process was done for out-of-state WTP. To
determine if WVGP and VAGP sub-samples were similar enough to be combined into a
pooled data set for out-of-state WTP, a third LLR test was conducted between these two
sub-samples (Table 4.15).
Table 4.15- Summary of Grouped Tobit Model Results when comparing WTP for Outof-State Clean-up by VAGP and WVGP Sub-samples. a
Pooled
VAGP
WVGP
Pooled
VAGP
WVGP
coefficient
coefficient
Variable
coefficient
(SE)
(SE)
(SE)
estimate
estimate
estimate
1.771***
0.403
1.937***
0.439
1.97***
0.303
Constant
0.131
0.21
0.604**
0.288
0.314*
0.172
FAMIL
0.0839
0.203
0.239
0.202
0.119
0.144
USE
0.232
0.22
0.009
0.283
0.16
0.167
GENPROB
-0.098
0.168
0.003
0.241
-0.085
0.136
DIRTSED
*
0.244
0.153
0.162
0.176
0.216
0.116
CONCERN
0.247
0.183
0.011
0.2
0.136
0.134
FISH
0.084
0.472
-0.451
0.525
-.123
0.359
QUALITY
0.5***
0.183
0.22
0.24
0.428***
0.147
VOTE
**
-0.373
0.159
0.141
0.183
-0.143
0.121
PUBACC
0.1
0.143
0.144
0.174
0.149
0.111
DISTRUST
0.14
0.171
-0.022
0.18
0.003
0.123
GENDER
**
***
***
0.011
0.005
0.02
0.007
0.011
0.004
AGE
0.02
0.159
0.096
0.181
0.03
0.118
EDU
0.255
0.198
-0.504**
0.254
-0.284
0.156
LAND
-0.456**
0.178
0.161
0.244
-0.271*
0.145
LIFE
***
***
***
0.007
0.002
0.005
0.002
0.006
0.001
INCOME
***
***
***
0.884
0.052
0.859
0.061
0.907
0.041
Sigma
Log-412.38
-288.69
-711.42
likelihood
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.
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When comparing the VAGP and WVGP sub-samples for out-of-state WTP, log
likelihood results were -711.42 for the pooled (VAGP + WVGP), -288.69 for VAGP and
-412.38 for WVGP. A test statistic of 20.7 was calculated which is less than the statistic
following the χ 2 distribution ( χ 20.05,16 = 26.296). Because of this, the null hypothesis
cannot be rejected and the two populations can be pooled. This LLR test shows that
WVGP and VAGP sub-samples are from the same population when examining out-ofstate WTP.
From this LLR test when examining out-of-state WTP, a final grouped tobit
model was developed (Table 4.16). In the initial grouped tobit model for the pooled
general public sub-samples, variables DIRTSED, QUALITY, GENDER, EDU and LAND
were found to have p-values greater than 0.5, indicating little explanatory power. Because
of this, these variables were not included in the final model.
Table 4.16– Summary of Final Grouped Tobit Model Results for WTP by Pooled
General Public Respondents for Out-of-state Clean-up. (N=289)a
Coefficient
Coefficient
(SE)
(SE)
Variable
Variable
estimate
estimate
1.972***
0.264
-0.157
0.12
Constant
PUBACC
*
0.312
0.171
0.155
0.111
FAMIL
DISTRUST
0.117
0.143
0.011***
0.004
USE
AGE
*
0.121
0.145
-0.277
0.142
GENPROB
LIFE
0.211*
0.115
0.006***
0.001
CONCERN
INCOME
***
0.143
0.129
0.908
0.041
FISH
Sigma
***
0.429
0.146
Log-likelihood
-711.738
VOTE
a

Note: *, **, *** denote statistical significance at P<0.10, P<0.05, P<0.01, respectively.

When examining WTP for out-of-state of state clean-up, all general public
watershed residents who were older, had not lived within the watershed their entire life
and had higher incomes were found to have a higher WTP for improved water quality
within the opposite’s states’ portion of the watershed. In addition, all general public
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watershed residents who were familiar with the opposite’s states’ portion of the
watershed, were very concerned about aquatic life and supported in-state water quality
improvements, were also found to have a higher WTP for improved water quality within
the opposite’s states’ portion of the watershed.
Initial grouped tobit models were developed for the VARL sub-sample when
examining WTP for out-of-state clean-up but were found to be meaningless due to lack of
variation by explanatory variables. For this sub-sample and clean-up plan, there were too
few observations to justify use of the grouped tobit model. Instead, survey median values
will be used to project WTP to the entire sample population for this sub-sample and
clean-up plan.
Before WTP values could be estimated, protest responses were examined. For the
VAGP sub-sample, 69 zero WTP respondents were recorded. For the WVGP sub-sample,
117 zero WTP respondents were recorded and for the VARL sub-sample 21 zero WTP
respondents were recorded. For the VAGP sub-sample, 28 respondents were found to be
in protest, while for the WVGP sub-sample, 49 respondents were determined protesters.
This equates to approximately 41% of VAGP non-supporters and 42% of WVGP nonsupporters. Excluding protesters, 41 respondents in Virginia and 68 respondents in West
Virginia were found to have true zero WTP for improved water quality in Opequon
watershed. Examining the VARL sub-sample, approximately 43% (nine respondents) of
non-supporters were found to be protesters. A total of 12 respondents were found to have
a true zero WTP.
Once final WTP models were developed for in-state and out-of-state water quality
improvements, and protest response were excluded, welfare estimates were calculated for
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respondents (Table 4.17). These welfare measurements represent a household WTP for
improved water quality. WTP values were estimated using the coefficient results from the
grouped tobit final model as well as including those respondents who stated a non-protest
zero WTP. Coefficient estimates from final grouped tobit models were multiplied by each
observation to estimate respondent WTP values. WTP values greater than or equal to zero
were calculated by including non-protest zero WTP respondents in the analysis. Median
WTP values, greater than or equal to zero were used in part to project WTP values to the
population.
Table 4.17- Summary of Respondent Mean and Median WTP by Sub-Sample.
In-state WTP
Mean
Mean
Median
Median
WTP>0
WTP ≥ 0
WTP>0
WTP ≥ 0
WVGP (N=178)
$61.90
$44.84
$43.80
$31.69
VAGP (N=131)
$89.45
$68.13
$63.55
$48.40
VARL (N=37)
$105.46
$79.63
$82.01
$61.93
Out-of-state WTP
Mean
Mean
Median
Median
WTP>0
WTP ≥ 0
WTP>0
WTP ≥ 0
Pooled General
$40.39
$27.06
$26.75
$17.92
Public (N=289)
VARL (N=30)20
$62.23
$34.57
$50.00
$7.50

When examining estimated respondent WTP, the VARL sub-sample was found to
have the highest WTP for in-state water quality improvements. One reason for this may
be because these respondents have a greater stake in the outcome of their portion of the
watershed improvement plan. An additional reason may be because of their close
proximity to the creeks. Also, one could argue that VARL households are most affected
by improved water quality and would have a higher WTP because this. Comparing WTP
for in-state clean-up by the general public sub-samples, VAGP respondents were found to
20

WTP for out-of-state clean-up by the VARL sub-sample was estimated by survey mean and median
values instead of model coefficients.
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have a higher WTP than WVGP respondents. Because the WVGP and VAGP subsamples were found to represent the same population when using a LLR test, they have
the same WTP for out-of-state clean-up. Both WVGP and VAGP respondents were found
to have a higher WTP for out-of-state clean-up compared to VARL respondents.
Average mean and median WTP values were also estimated for non-respondents.
This procedure was done in part to control for the possibility of survey non-response
error. This was done by using respondent grouped tobit model coefficients, imputed
values and 2000 Census demographic information (United States Census Bureau, 2000).
This calculation was necessary for WVGP and VAGP sub-samples because of low survey
response rates. Although the majority of households who received the survey instrument
did not return a completed survey questionnaire, it could not be assumed that these
households had a zero WTP value. A respondent’s income was found to be a major
determinant of WTP and would contribute to these residents having a positive WTP as
well. In addition, individual time constraints, as well as the decision to only distribute the
survey instrument one-time may have contributed to low response rates.
Table 4.18 describes non-respondent household WTP estimates. Grouped tobit
model coefficients were used from an additional model which included only the variables
that were found statistically significant in the final model. Variables USE, CONCERN,
QUALITY, TMDLEDU and LIFE used sample mean values from the grouped tobit model

as imputed values. Variables AGE, EDU, and INCOME used 2000 Census data weighted
according to zip code sampling percentages as imputed values (United States Census
Bureau, 2000). WTP values for those individuals that had a positive or non-protest zero
WTP were calculated by multiplying positive non-respondent WTP values, by the CV
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question support rate. Because the grouped tobit model only includes those with a
positive WTP, this calculation allows to account for non-respondents who had zero WTP.
Table 4.18- Summary of Non-Respondent Mean and Median WTP by Sub-Sample.
In-state WTP
Mean
Mean
Median
Median
WTP>0
WTP ≥ 0
WTP>0
WTP ≥ 0
WVGP
$35.23
$24.31
$24.90
$17.18
VAGP
$65.72
$47.32
$33.17
$23.8821
Out-of-state WTP
Mean
Mean
Median
Median
WTP>0
WTP ≥ 0
WTP>0
WTP ≥ 0
WVGP
$25.08
$16.81
$16.66
$11.17
VAGP
$18.63
$12.48
$12.99
$8.70

WVGP non-respondents were found to have a lower in-state WTP than VAGP
non-respondents but were found to have a higher out-of-state WTP, compared to VAGP
non-respondents. This is an identical relationship as respondents WTP. As described
earlier, VAGP non-respondents may have an increased awareness of in-state water
quality problems through the TMDL process resulting in higher WTP for in-state cleanup, compared to WVGP non-respondents. WVGP non-respondents may have a higher
out-of-state WTP because Opequon Creek flows north, with most of the pollution also
traveling this same direction. Assuming this is the case, pollution is more likely to
originate in Virginia and travel to West Virginia. West Virginia residents have a higher
WTP for Virginia clean-up because they may be concerned with improvement of the
water before it enters their portion of the watershed. Following this, Virginia residents
may have a lower WTP because less pollution travels from West Virginia to Virginia.

21

As a check of non-respondent WTP estimates, a follow-up telephone survey contacted 21 random nonrespondent households in Virginia and asked an abbreviated version of the mail questionnaire. Results from
the telephone survey found that these non-respondents had an average median WTP for in-state clean-up of
$23.50, compared to the mail survey non-respondent WTP of $23.88.
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Lastly, in all cases non-respondent mean WTP estimates were found to be higher than
non-respondent median WTP estimates because of the inclusion of σ values.
4.5 Total Economic Benefits of Improved Water Quality

The total economic benefits of improved water quality within Opequon watershed
are equal to the vertical sum of each household WTP (Bjornstad and Kahn, 1996;
Samuelson, 1954). Census household watershed estimates were used to project WTP
estimates from improved water quality within Opequon watershed over the entire
watershed (Table 3.1). This includes 19,330 general public households in Virginia,
24,569 general public households in West Virginia and 392 Virginia riparian landowner
households. With respect to this study, the total economic benefits reflect a measure of
making Opequon and Abrams Creeks safe for swimming and wading in Virginia, and
making Opequon Creek safe for swimming, wading and able to support year-round fish
populations in West Virginia.
The aggregation process of a household WTP was completed using three
scenarios as well as three discount rates. Discount rates for in-state WTP were varied to
examine the sensitivity of one’s WTP. The three scenario projections were created to
address the issue of possible non-response error. All scenario projects were done using
grouped tobit model median WTP values, which included those with a positive or nonprotest zero WTP. Figure 4.7 displays the total economic benefits of improving water
quality with Opequon watershed using High scenario assumptions, Figure 4.8 displays
the total benefits using Medium scenario assumptions, and Figure 4.9 displays the total
benefits using Low scenario assumptions. A table displaying numeric dollar estimates can
be found in Appendix 4.
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The total economic benefits were found to be greatest under the High scenario
(Figure 4.7). This is because of the assumption that the sample respondent WTP estimate
was reflective of the population and could be aggregated to each of the households within
the sub-sample and improvement plan. Total benefits over the entire watershed under the
High scenario ranged between $6.3 and $8.8 million. WTP by WVGP residents ranged

from $2.9 to $4.0 million, while WTP by VAGP residents ranged from $3.3 to $4.6
million. WTP by VARL households ranged between $81,000 and $115,000. The total
measured benefits for clean-up of the West Virginia portion of the Opequon watershed
were found to range between $2.8 and $3.9 million while the total measured benefits for
clean-up of the Virginia portion of the Opequon watershed were found to range between
$3.5 and $4.8 million.
Virginia
Riparian
Landowner Outof-State
Virginia
Riparian
Landowner InState
Virginia Out-ofState

$9,000,000
$8,000,000

Total Benefits ($)

$7,000,000
$6,000,000
$5,000,000
$4,000,000

Virginia In-State

$3,000,000
$2,000,000

West Virginia
Out-of-State

$1,000,000
$0
29%

11%

4.25%

Varying the Discount Rate under the High Scenario

West Virginia
In-State

Figure 4.7- Total WTP for Water Quality Improvements in Opequon Watershed under
the High Scenario.

Total benefit estimates for improving water quality within Opequon watershed
were also estimated using the assumptions in the Medium scenario (Figure 4.8). In this
scenario, the total benefits were found to be lower than in the High scenario but higher
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than the Low scenario (as expected). Total befits for this scenario over the entire
watershed were found to range from $3.7 to $5.1 million. WTP by WVGP residents
ranged from $1.8 to $2.5 million, while WTP by VAGP residents ranged from $1.8 to
$2.5 million. WTP by VARL households ranged between $81,000 and $115,000. Total
measured benefits for clean-up of the West Virginia portion of the Opequon watershed
were found to range between $1.7 and $2.4 million while the total measured benefits for
clean-up of the Virginia portion of the Opequon watershed were found to range between
$2.0 and $2.7 million. Through statistical procedures to control for non-response error,
this scenario produced the best total benefit estimates.

Virginia Riparian
Landowner Outof-State

$6,000,000

Virginia Riparian
Landowner InState

Total Benefits ($)

$5,000,000
$4,000,000

Virginia Out-OfState

$3,000,000
Virginia In-State
$2,000,000
$1,000,000

West Virginia
Out-of-State

$0

29%

11%

4.25%

Varying the Discount Rate under the Medium Scenario

West Virginia InState

Figure 4.8- Total WTP for Water Quality Improvements in Opequon Watershed under
the Medium Scenario.

In addition to the High and Medium scenarios, total benefit estimates for
improving water quality within Opequon watershed were estimated using the
assumptions in the Low scenario (Figure 4.9). Total benefit estimates in this scenario
were found to be lowest of all three scenarios. Under this scenario, the total benefits for
the entire watershed were found to range from approximately $790,000 to $1.1 million.
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WTP by WVGP residents ranged from $378,000 to $520,000, while WTP by VAGP
residents ranged from $333,000 to $464,000. WTP by VARL households ranged between
$81,000 and $115,000. The total measured benefits for clean-up of the West Virginia
portion of the Opequon watershed were found to range between $0.4 and $0.5 million
while the total measured benefits for clean-up of the Virginia portion of the Opequon
watershed were found to range between $0.4 and $0.6. The major reason for such low
benefit estimation in this scenario is because it was assumed that the percentage of the
population that did not return a survey had a zero WTP for improved water quality. In
this scenario, one can observe that VARL households contribute to a larger percentage of
the clean-up, compared to the High and Medium scenarios.

Virginia Riparian
Landowner Out-ofState

$1,200,000

Virginia Riparian
Landowner inState

Total Benefits ($)

$1,000,000
$800,000

Virginia Out-ofState

$600,000
Virginia In-State
$400,000
West Virginia Outof-State

$200,000
$0

29%

11%

4.25%

West Virginia InState

Varying the Discount Rate under the Low Scenario

Figure 4.9- Total WTP for Water Quality Improvements in Opequon Watershed under
the Low Scenario.
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5.0 Discussion and Conclusions
The importance of this study can be observed in various comments provided by
respondents at the end of the survey. These comments included: “Please take the bull by
the horns and do something”; “Please save our creek” and “I appreciate this opportunity
and look forward to the results in action”. Such comments indicate this study as being
important not only to meet the requirements of the Total Maximum Daily Load (TMDL)
Implementation Plan (IP), but also to local residents of this watershed.
When comparing Virginia and West Virginia general public sub-samples on the
basis of log likelihood tests, each sub-sample, was found to represent a different
population when examining an individual WTP for in-state water quality improvements
in Opequon watershed. This result could be because of differences in water quality
problems within each state, differences in socio-economic characteristics, as well as
recreational use differences and the differences in the development of Virginia and West
Virginia TMDLs. The differences between the sub-samples WTP for in-state improved
water quality show that each respondent’s portion of the watershed is viewed differently
by each sub-sample. However, when comparing sub-samples on the basis of log
likelihood tests when examining out-of-state WTP for water quality improvements, both
West Virginia and Virginia general public sub-samples were found to have the same
characteristics that influence one’s WTP.
Table 5.1 describes the variables and their sign which were found to be
statistically significant in determining a respondent WTP for improved water quality
within Opequon Creek watershed. When examining in-state WTP, more variables were
found to be statistically significant for Virginia respondents compared to West Virginia
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respondents. Overall, a respondent’s age and income were found to have a positive affect
in every general public WTP model. Use of the creeks was found to have a positive affect
on WTP for both in-state models, while one’s opinion about the quality of the
environment was found to have a negative affect on WTP for both in-state models.
Table 5.1- Summary of Variables found to be Statistically Significant in determining
WTP for General Public Households.
Sub-sample
In-State WTP
Out-of-State
Virginia West Virginia
Pooled
Variable
Sign
Familiar with the opposite states’ portion
22
(+)
of Opequon Creek
Use Opequon Creek or Abrams Creeks for
(+)
(+)
recreational activities
Very concerned about the ability of fish
and other aquatic life to survive in
(+)
(+)
Opequon or Abrams Creeks
At least a college degree and aware of the
(+)
TMDL
Regularly fish in a lake, river or creek
Opinion that the overall quality of the
environment had improved in the past few
(-)
(-)
years
Positive WTP for in-state water quality
(+)
improvements
Wanted public access as an improvement
along side Opequon or Abrams Creeks
Age
(+)
(+)
(+)
At least a college degree
(+)
Owned home or residential land within
Opequon watershed
Lived within Opequon watershed their
(+)
(-)
(-)
entire life
Annual household income
(+)
(+)
(+)

In Virginia, 72% of respondents were found to have a positive WTP for in-state
water quality improvements. In West Virginia, 69% of respondents were found to have a

22

Blank spaces mean that this variable was either not included in the respective model or was found to be
statistically insignificant.
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positive WTP for in-state water quality improvements. From the sampled households,
Virginia households were found to have a median WTP of $48 annually for five years for
in-state water quality improvements and $18 in a one-time donation for out-of-state
clean-up improvements. In addition, West Virginia sampled households were found to
have a median WTP of $32 annually for five years for in-state improvements and $18 in a
one-time donation for out-of-state improvements. Virginia riparian landowner sampled
households were found to have a median WTP of $62 annually for five years for in-state
improvements and $8 in a one-time donation for out-of-state improvements.
Using household WTP values by projecting them to the watershed population
under Medium scenario assumptions, the total measured economic benefits within the
entire Opequon watershed were estimated to range from $3.7 to $5.1 million. These
estimates can be considered the most reliable total benefit estimates because of the
statistical procedures completed, as well as the underlying assumptions of the Medium
scenario. In order to control for the low response rate in the Medium scenario,
respondents were assumed to be different than non-respondents although nonrespondents were still thought to have a positive WTP. Because of this, both respondent
and non-respondent annual WTP were estimated separately by using the grouped tobit
model. Using these models allowed for prediction of WTP across all households within
the watershed. This type of statistical procedure seemed to be the best way to aggregate
WTP values for the entire watershed. However, Low and High scenarios were also
examined and the total measured benefits for the entire watershed were found to range
from approximately $1.1 to $8.8 million.

96

By using a contingent valuation (CV) survey to estimate the benefits of water
quality improvements, direct information was transferred to the public via the Benefits
Section of the TMDL IP. Information obtained from the survey was reported at watershed
area stakeholder meetings to individuals involved in the TMDL implementation process,
individuals involved with improving water quality in the West Virginia portion, as well
as to local area residents. This survey also provided a vehicle for greater public
participation and an increased awareness of water quality issues within Opequon Creek
watershed. For every sub-sample, trash was cited as the number-one problem that
respondents were aware of in the watershed. In addition, trash clean-ups were the
number-one environmental improvement respondents asked for along the creeks.
Although trash was not apart of the TMDL or IP, it can still be viewed as an important
environmental issue to residents of Opequon Creek watershed.
Despite variance among survey instruments, household and aggregate WTP
estimates can still be compared among similar, previous CV studies.23 Examining the
range of annual household WTP estimates detailed in Table 2.1, annual WTP estimates
for water quality improvements ranged between $60 and $406 in 2006 dollars.
Comparing these WTP values with this studies median household WTP, estimates in this
study are considerably lower. This result may stem from a conservative design as well as
a conservative set of assumptions. In addition to this, total benefit estimates of improved
water quality within the entire Opequon watershed were also found to be low compared
to similar previous CV studies.

23

Previous, similar CV studies include: Brox, Kumar and Stollery (2003); Collins, Rosenberger and
Fletcher (2005); Eisen-Hecht and Kramer (2002); Loomis et al. (2000); Stumborg, Baerenklau, and Bishop
(2001).
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To ensure that results are valid, content and construct validity were examined.
Content validity was ensured by taking the necessary precautions before survey
distribution which allowed for the instrument to accurately estimate the benefits of
improved water quality within Opequon watershed. In addition, the CV question was
phrased as a WTP question as suggested by Freeman (2003). Construct validity was
ensured by comparing the findings of previous studies (e.g. determinants of WTP) with
the determinants of WTP found in this study. Stumborg, Baerenklau, and Bishop (2001)
state that regression results can be used to compare the data set with intuition and
economic theory as informal tests of construct validity. Household income was found to
have a positive and highly significant relationship in determining WTP for each general
public grouped tobit model. This finding agrees with the theoretical construct, that as
one’s income increases, so does their WTP for a public good (Freeman, 2003). The vast
majority of previous CV studies which estimate the benefits of a public good also found
income to have a positive, statistically significant, effect on WTP (Brox, Kumar and
Stollery, 2003; Collins, Rosenberger and Fletcher, 2005; Dalton et al., 1998; Danielson et
al., 1995; Eisen-Hecht and Kramer, 2002; Hurley, Otto and Holtkamp, 1999; MacDonald,
Bergstrom and Houston, 1998; Poe, 1998; Rosenberger, Collins and Svetlik, 2005;
Stumborg, Baerenklau and Bishop, 2001; Whitehead, 2000).
An additional check of validity can be done by comparing a respondent’s reported
income and WTP. Compared to results found by Stumborg, Baerenklau and Bishop
(2001), similar, yet better results were found in this study. When comparing respondents
WTP for improved water quality within their portion of the watershed, no general public
respondent reported a WTP greater than 1% of their annual income. In addition to this,

98

only 11 respondents, out of 367 general public responses, reported a WTP between
0.51% and 1% of their annual income. From this, one can conclude that respondents
considered their budget constraints and substitution possibilities seriously when
estimating their WTP for improved water quality within their portion of Opequon
watershed (Stumborg, Baerenklau and Bishop, 2001).
Along with income, numerous previous CV studies found that a respondent’s
education level had a positive and significant relationship in determining WTP (Brox,
Kumar and Stollery, 2003; Collins, Rosenberger and Fletcher, 2005; Danielson et al.,
1995; Eisen-Hecht and Kramer, 2002; Hurley, Otto and Holtkamp, 1999; Rosenberger,
Collins and Svetlik, 2005; Stumborg, Baerenklau and Bishop, 2001; Whitehead, 2000).
When examining the Virginia riparian landowner grouped tobit model for in-state WTP,
although household income was found to be statistically insignificant, a respondent’s
education was found to be positive and significantly related to a respondent WTP. This
result helps validate model estimates from this sub-sample and improvement plan.
Lastly, a respondent’s age was found to have a positive and significant
relationship for all general public grouped tobit models in determining one’s WTP for
improved water quality within Opequon watershed. Similar results regarding age were
found in previous CV studies as well (Brox, Kumar and Stollery, 2003; Collins,
Rosenberger and Fletcher, 2005; Stumborg, Baerenklau and Bishop, 2001; Whitehead,
2000). Comparing the determinants of WTP in this study with the determinants of WTP
found in other studies allows for these CV results to have construct validity.
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5.1 Limitations and Future Research

A limitation of this study comes from achieving lower than expected survey
response rates. The overall survey response rate was 13%. Because of this fairly low
response rate, a possibility exists for point WTP estimators to be biased from nonresponse error. This bias would also affect total WTP estimates. Obtaining a higher
response rate, could have provided a better representation of the watershed population.
Although responses rates were fairly low, the survey distribution method contributed to
this result. Studies referenced in Table 2.1 obtained responses rates between 26% and
70%. With additional survey mailings, responses rates in this survey would have likely
fallen closer to this range.
An added limitation stems the uncertainty of whether or not the water quality
improvements described in the CV questions will be obtained through the drafted IP.
Currently, the IP is being reviewed by stakeholders as well as local residents. The overall
project period has been extended through May of 2006. Because of this, the IP has yet to
be integrated to improve water quality standards within Opequon watershed. The
extension of the IP means that the actual outcomes from water quality improvements will
not be known for sometime.
Future research could focus on several issues which were not addressed in this
study. In this study, only benefits to households within Opequon watershed were
examined. However, households outside of the watershed could also experience benefits
from the improved water quality within Opequon watershed. In addition, measured
benefits included only those that made creeks in Opequon watershed safe for swimming
and wadding as well as allowing for viable year-round fish populations in West Virginia.
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Added benefits from improved water quality were not measured such as increased
property values. Future research could be completed by obtaining WTP information from
households within close proximity to Opequon watershed and obtaining values for the
additional benefits of improved water quality. Solicitation of one’s WTP is not identical
as collection of actually revenue. Because of this, additional research could also focus on
achieving the best method by which revenues could be collected for improved water
quality within Opequon watershed.
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APPENDICIES
A.1 Contingent Valuation Surveys
A.1.1 West Virginia General Public Survey
Section A:
The first set of questions focuses on your use and knowledge of Opequon creek in
West Virginia and your opinions about local environmental quality. Please
answer these questions to the best of your ability.

1. With what portions of Opequon Creek, if any, are you familiar? (Please check all that
apply) Please see the map on the back page of this booklet for reference, and note that
this creek starts in Virginia and flows north through West Virginia into the Potomac
River.
______The portion of Opequon Creek in Virginia as it flows from its headwaters
to the Virginia/West Virginia state line.
______The portion of Opequon Creek in West Virginia from the state line to the
Potomac River.
I am not familiar with any portion of Opequon Creek.
2. Have you ever used Opequon Creek for fishing, swimming, wading, hiking along,
exploring, wildlife watching, kayaking or canoeing? (Please check one)
Yes

No

3. Based upon what you know about Opequon Creek, do you think there are
environmental problems associated with this creek? (Please check one)
Yes => Please answer Question 4
No
Please skip to Question 5
Don’t know
4. If you answered “Yes” in Question 3, what environmental problems are you aware of
on Opequon Creek? (Please check all that apply)
Trash
Livestock
Lack of recreational opportunities
Flooding and/or storm water runoff
Sewage
Dirt or sediment in water
Other, please specify
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5. How concerned are you about the ability of fish and other aquatic life to survive in
Opequon Creek? (Please check one)
Very concerned
Some what concerned
Not concerned at all
6. In which of the following outdoor activities, if any, do you regularly participate?
(Please check all that apply)
Fish in a lake, river, or creek
Swim in a lake, river, or creek
Explore or wade along a river/creek
Kayak or canoe
Wildlife viewing
None of these
7. When you think about growth in and around your community, what is the first thought
that comes to mind? (Please check one)
More jobs
Increased congestion
More shopping and entertainment opportunities
Environmental problems
The need to manage growth to protect quality of life
Increased tax burdens on existing residents
Other, please specify
8. In the past few years, what would you say has happened to the overall quality of the
environment in your area? (Please check one)
Improved
Stayed the same
Gotten worse
Don’t know
Section B:
In this section, you will be asked to consider a proposed project that would cleanup Opequon Creek. This is not an actual referendum. Please answer the
question as though you were actually voting on the issue considering your current
budget.
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9(a) Financial support for clean-up of Opequon Creek in West Virginia:
Opequon Creek is currently polluted with excessive nutrients and bacteria from sources
such as agriculture, urban runoff, and sewage occurring in West Virginia. Because of
these pollutants, no swimming or wading is recommended in Opequon Creek. While this
creek is stocked annually with trout, not all portions of the creek can support year-round
sport fish populations (bass, bluegill, trout, etc.).
Assume that you are asked to vote on a project that would provide the funding required to
clean-up Opequon Creek. In about five years, this clean-up would make Opequon Creek
safe for swimming and wading. It would also provide habitat for year-round fish
populations. This project would raise county taxes over a five year period in order to pay
for the clean-up project. Would you support, oppose, or remain neutral about this project?
(Please check one)
Support (Please answer Question 9(b) and then skip to Question 11)
Oppose
Remain neutral/ not participate
(Please skip Question 9(b) and
answer Question 10)

9(b) If you support the proposed project, what is the highest level of taxes that you
would be willing to pay each year, for five years, to clean-up Opequon Creek? (Please
circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______
(Please skip to Question 11)
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10. If you oppose or remain neutral about this clean-up project, which statement best
reflects why you would not be willing to provide financial support for clean-up of
Opequon Creek? (Please check one)
I support the clean-up of Opequon Creek, but cannot afford higher taxes at
this time.
I support the clean-up of Opequon Creek, but I think someone else should
pay for it.
I support the clean-up of Opequon Creek, but I don’t think taxes are the
best way to pay for it.
I support the clean-up of Opequon Creek, but I think it cannot be
accomplished as described in Question 9(a).
I support improvement of Opequon Creek, but I think that excessive
nutrients and bacteria from urban runoff and sewage are not environmental
problems in this creek.
I think Opequon Creek is okay the way it is.
Other, please specify
11. After cleaning up Opequon Creek, what other improvements, if any, would you like
to see along this creek? (Please check all that apply)
Walking or biking trails
Public access for fishing and recreation
Regular trash clean-up
Protection of forests along the creek
None
Other, please specify
12. How much do you trust the following groups or institutions to make decisions about
what should be done to clean-up Opequon Creek? (Please check one box per row to
indicate a level of trust.)
Trust

Somewhat
trust

University scientists
Watershed organizations
like Sleepy Creek
Watershed Association
Local government
County extension agents
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Distrust

Neutral/
Don’t know

Local soil & water
conservation districts such
as the Eastern Panhandle
Conservation District
State agencies such as
West Virginia Department
of Environmental
Protection
In the next question, you will be asked to consider donating to a fund that would
clean-up Opequon Creek and its tributaries in Virginia. Similar to Question 9(a),
this is not an actual request. Please answer the question considering your
current family budget.

13. Financial support for clean-up of Opequon Creek in Virginia:
Opequon Creek in Virginia is currently polluted with dirt and sediment, as well as with
sewage and bacteria. Clean-up on the West Virginia (WV) side would not solve pollution
problems in Virginia (VA). Because of these pollutants, no swimming or wading is
recommended in the VA portion of Opequon Creek.
Assume that in addition to cleaning up Opequon Creek in WV, you are asked to
participate in cleaning up the VA portion of Opequon Creek by donating to an Opequon
Creek Restoration Fund. Recall that since the creek flows from VA to WV, improving
water quality on the VA side will result in cleaner water on the WV side (the amount of
improvement is unknown). The money from this fund would be used to make water
quality in Opequon Creek in VA safe for swimming and wading.
What is the highest one-time donation you would be willing to pay for clean-up of the
Virginia portion of Opequon Creek? (Please circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______

Section C:
We would like to finish up this survey with some questions about you. These
questions are for research purposes only. The information that you provide will
remain confidential and will not be shared with any business or other institution.

What is your gender?

Male

_____Female
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What is your year of birth? 19______
What is your highest level of education? (Please check one)
Less than a high school diploma
High school diploma or GED
Some college/technical school
College degree
Graduate school
What type of land do you own in the watershed area shown on the map on the back page
of this booklet? (Please check all that apply)
Home or residential
Agricultural
Commercial
Riparian (stream side) land
None
Other, please specify
How long have you been a resident of the watershed area shown on the map on the back
page of this booklet? (Please check one)
Less than 1 year
Between 1 and 10 years
Longer that 10 years
All my life
What was your total household income for 2004? (Please check one)
Under $10,000
$10,000 - $24,999
$25,000 - $49,999
$50,000 - $99,999
$100,000 - $199,999
$200,000 or more
Thank you for participating in this survey! Your time is appreciated! Please return this
survey in the addressed envelope provided. No postage is required. If you would like to
be sent a written report of the results, please fill in your name and address below.
Alternatively, you could use this space for comments, if any:
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A.1.2 Virginia General Public Survey
Section A:
The first set of questions focuses on your use and knowledge of selected creeks in
Virginia and your opinions about local environmental quality. Please answer
these questions to the best of your ability.

1. With what portions of Opequon and Abrams Creeks, if any, are you familiar (please
check all that apply)? Please see the map on the back page of this booklet for reference,
and note that Opequon creek starts in Virginia and flows north through West Virginia
into the Potomac River.
______The upper portion of Opequon Creek as it flows from its headwaters to the
junction with Abrams Creek.
Any portion of Abrams Creek.
______The lower portion of Opequon Creek as it flows from the junction with
Abrams Creek to the Virginia/West Virginia state line.
______The portion of Opequon Creek in West Virginia.
I am not familiar with any portion of Opequon and Abrams Creeks.
2. Have you ever used Opequon or Abrams Creeks for fishing, swimming, wading,
hiking along, exploring, wildlife watching, kayaking or canoeing? (Please check one)
Yes

No

3. Based upon what you know about Opequon and Abrams Creeks, do you think there are
environmental problems associated with these creeks? (Please check one)
Yes => Please answer Question 4
No
Please skip to Question 5
Don’t know
4. If you answered “Yes” in Question 3, what environmental problems are you aware of
on Opequon and/or Abrams Creeks? (Please check all that apply)
Trash
Livestock
Lack of recreational opportunities
Flooding and/or storm water runoff
Sewage
Dirt or sediment in water
Other, please specify
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5. How concerned are you about the ability of fish and other aquatic life to survive in
Opequon and Abrams Creeks? (Please check one)
Very concerned
Some what concerned
Not concerned at all
6. A total maximum daily load (TMDL) is a written plan, created by the Virginia
Department of Environmental Quality that specifies the maximum amount of pollution
that a creek, like Opequon or Abrams, can receive and still be considered clean. Are you
aware that a TMDL has been developed for Opequon and Abrams Creeks? (Please check
one)
Yes
No
7. In which of the following outdoor activities, if any, do you regularly participate?
(Please check all that apply)
Fish in a lake, river, or creek
Swim in a lake, river, or creek
Explore or wade along a river/creek
Kayak or canoe
Wildlife viewing
None of these
8. When you think about growth in and around your community, what is the first thought
that comes to mind? (Please check one)
More jobs
Increased congestion
More shopping and entertainment opportunities
Environmental problems
The need to manage growth to protect quality of life
Increased tax burdens on existing residents
Other, please specify
9. In the past few years, what would you say has happened to the overall quality of the
environment in your area? (Please check one)
Improved
Stayed the same
Gotten worse
Don’t know
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Section B:
In this section, you will be asked to consider a proposed project that would cleanup Opequon and Abrams Creeks. This is not an actual referendum. Please
answer the question as though you were actually voting on the issue considering
your current family budget.

10(a) Financial support for clean-up of Opequon and Abrams Creeks in Virginia:
Opequon and Abrams Creeks are currently polluted with dirt and sediment along with
sewage and bacteria. Because of these pollutants, no swimming or wading is
recommended in the Virginia portion of these Creeks.
Assume that you are asked to vote on a project that would provide the funding required to
clean-up Opequon and Abrams Creeks. In approximately five years, this clean-up would
make Opequon and Abrams Creeks safe for swimming and wading in the Virginia
portion. This project would raise local taxes over a five year period in order to pay for
the clean-up project. Would you support, oppose, or remain neutral about this project?
(Please check one)
Support (Please answer Question 10(b) and then skip to Question 12)
Oppose
(Please skip Question 10(b)
Remain neutral/ not participate
and answer Question 11)
10(b) If you support the proposed project, what is the highest level of taxes that you
would be willing to pay annually (per year) for five years to clean-up Opequon and
Abrams Creeks? (Please circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______
(Please skip to Question 12)
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11. If you oppose or remain neutral about this clean-up project, which statement best
reflects why you would not be willing to provide financial support for clean-up of
Opequon and Abrams Creeks? (Please check one)
I support clean-up of Opequon and Abrams Creeks, but cannot afford
higher taxes at this time.
I support the clean-up of Opequon and Abrams Creeks, but I think
someone else should pay for it.
I support the clean-up of Opequon and Abrams Creeks, but I don’t think
taxes are the best way to pay for it.
I support the clean-up of Opequon and Abrams Creeks, but I think it
cannot be accomplished as described in Question 10(a).
I support improvement of Opequon and Abrams Creeks, but I think that
dirt and sediment plus bacteria are not environmental problems in these
creeks.
I think Opequon and Abrams Creeks are okay the way they are.
Other, please specify
12. After cleaning up Opequon and Abrams Creeks, what other improvements, if any,
would you like to see along these creeks? (Please check all that apply)
Walking or biking trails
Public access for fishing and recreation
Regular trash clean-ups
Fish stocking
Protection of forests along the creeks
None
Other, please specify
13. How much do you trust the following groups or institutions to make decisions about
what should be done to clean-up Opequon and Abrams Creeks? (Please check one box
per row to indicate a level of trust.)

Trust
University scientists
Watershed organizations
like Friends of Shenandoah
Local government
County extension agents
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Somewhat
trust

Distrust

Neutral/
Don’t know

Local soil & water
conservation districts such
as Lord Fairfax Soil and
Water Conservation District
State agencies such as
Virginia Department of
Environmental Quality
In the next question, you will be asked to consider donating to a fund that would
clean-up Opequon Creek in West Virginia. Similar to Question 10(a), this is not
an actual request. Please answer the question considering your current family
budget.

14. Financial support for clean-up of Opequon Creek in West Virginia:
Opequon Creek is currently polluted with excessive nutrients and bacteria from sources
such as agriculture, urban runoff, and sewage occurring in West Virginia. Clean-up on
the Virginia side would not solve pollution problems in West Virginia. Because of these
pollutants, no swimming or wading is recommended in the West Virginia portion of
Opequon Creek. While this creek is stocked annually with trout, not all portions of the
creek can support year-round sport fish populations (bass, bluegill, trout, etc.).
Assume that in addition to cleaning up Opequon and Abrams Creeks in Virginia, you are
asked to participate in cleaning up the West Virginia portion of Opequon Creek by
donating to an Opequon Creek Restoration Fund. West Virginia residents also would be
asked to contribute to this restoration fund. Money from this fund would be used to make
water quality in Opequon Creek in West Virginia safe for swimming and wading. The
money also would be used to create habitat for year-round sport fish populations
What is the highest one-time donation you would be willing to pay for a clean-up of the
West Virginia portion of Opequon Creek? (Please circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______

Section C:
We would like to finish up this survey with some questions about you. These
questions are for research purposes only. The information that you provide will
remain confidential and will not be shared with any business or other institution.

What is your gender? ____Male

_____Female
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What is your year of birth? 19______
What is your highest level of education? (Please check one)
Less than a high school diploma
High school diploma or GED
Some college/technical school
College degree
Graduate school
What type of land do you own in the watershed area shown on the map on the back page
of this booklet? (Please check all that apply)
Home or residential
Agricultural
Commercial
Riparian (stream side) land
None
Other, please specify
How long have you been a resident of the watershed area shown on the map on the back
page of this booklet? (Please check one)
Less than 1 year
Between 1 and 10 years
Longer than 10 years
All my life
What was your total household income for 2004? (Please check one)
Under $10,000
$50,000 - $99,999
$10,000 - $24,999
$100,000 - $199,999
$25,000 - $49,999
$200,000 or more
Thank you for participating in this survey! Your time is appreciated! Please return this
survey in the addressed envelope provided. No postage is required. If you would like to
be sent a written report of the results, please fill in your name and address below.
Alternatively, you could use this space for comments, if any:
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A.1.3 Virginia Riparian Landowner Survey
Section A:
In this section, you will be asked if you own land in the Opequon/ Abrams Creek
watershed area that has a stream or creek, which runs through it. If you answer
“Yes”, please answer Questions 1, 2, and 3. If you answer “No”, please skip to
Section B.

Do you own land in the watershed area (please see the map on the back of this survey)
that has a creek or stream that runs through it? (Please check one)
Yes => What is the name of the creek or stream?
If you answered “Yes”, please also answer Questions 1, 2, and 3.

No => Please skip to Section B
1. Which of the following concerns do you have about this stream or creek? (Please
check all that apply)
Stream pollution
Stream bank erosion
Stream course changes
Trash in the stream
Flooding
Wildlife
Recreational users who fish, kayak, canoe, etc.
2. Which of the following stream improvement projects would you consider doing at
your own expense on your stream-front property? (Please check all that apply)
Stream bank restoration
Tree planting beside the stream
Fencing to exclude domestic livestock
Allowing public access for fishing and/or recreation
Conservation easements along a stream
None of the above
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3. Which of the following stream improvement projects would you consider doing with
government cost share on your stream-front property? (Please check all that apply)
Stream bank restoration
Tree planting beside the stream
Fencing to exclude domestic livestock
Allowing public access for fishing and recreation
Conservation easements along a stream
None of the above
Section B:
This set of questions focuses on your use and knowledge of selected creeks in
Virginia and your opinions about local environmental quality. Please answer
these questions to the best of your ability.

4. With what portions of Opequon and Abrams Creeks, if any, are you familiar (please
check all that apply)? Please see the map on the back page of this booklet for reference,
and note that Opequon creek starts in Virginia and flows north through West Virginia
into the Potomac River.
______The upper portion of Opequon Creek as it flows from its headwaters to the
junction with Abrams Creek.
Any portion of Abrams Creek.
______The lower portion of Opequon Creek as it flows from the junction with
Abrams Creek to the Virginia/West Virginia state line.
______The portion of Opequon Creek in West Virginia.
I am not familiar with any portion of Opequon and Abrams Creeks.
5. Have you ever used Opequon or Abrams Creeks for fishing, swimming, wading,
hiking along, wildlife watching, exploring, kayaking or canoeing? (Please check one)
Yes

No

6. Based upon what you know about Opequon and Abrams Creeks, do you think there are
environmental problems associated with these creeks? (Please check one)
Yes => Please answer Question 7
No
Please skip to Question 8
Don’t know
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7. If you answered “Yes” in Question 6, what environmental problems are you aware of
on Opequon and/or Abrams Creeks? (Please check all that apply)
Trash
Lack of recreational opportunities
Flooding and/or storm water runoff
Other, please specify

Livestock
Sewage
Dirt/sediment in water

8. How concerned are you about the ability of fish and other aquatic life to survive in
Opequon and Abrams Creeks? (Please check one)
Very concerned
Some what concerned
Not concerned at all
9. A total maximum daily load (TMDL) is a written plan, created by the Virginia
Department of Environmental Quality that specifies the maximum amount of pollution
that a creek, like Opequon or Abrams, can receive and still be considered clean. Are you
aware that a TMDL has been developed for Opequon and Abrams Creeks? (Please check
one)
Yes

No

10. In which of the following outdoor activities, if any, do you regularly participate?
(Please check all that apply)
Fish in a lake, river, or creek
Swim in a lake, river, or creek
Explore or wade along a river/creek
Kayak or canoe
Wildlife viewing
None of these
11. When you think about growth in and around your community, what is the first
thought that comes to mind? (Please check one)
More jobs
Increased congestion
More shopping and entertainment opportunities
Environmental problems
The need to manage growth to protect quality of life
Increased tax burdens on existing residents
Other, please specify
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12. In the past few years, what would you say has happened to the overall quality of the
environment in your area? (Please check one)
Improved
Stayed the same
Gotten worse
Don’t know
Section C:
In this section, you will be asked to consider a proposed project that would cleanup Opequon and Abrams Creeks. This is not an actual referendum. Please
answer the question as though you were actually voting on the issue considering
your current family budget.

13(a) Financial support for clean-up of Opequon and Abrams Creeks in Virginia:
Opequon and Abrams Creeks are currently polluted with dirt and sediment along with
sewage and bacteria. Because of these pollutants, no swimming or wading is
recommended in the Virginia portion of these creeks.
Assume that you are asked to vote on a project that would provide the funding required to
clean-up Opequon and Abrams Creeks. In about five years, this clean-up would make
Opequon and Abrams Creeks safe for swimming and wading in the Virginia portion. This
project would raise local taxes over a five year period in order to pay for the clean-up
project. Would you support, oppose, or remain neutral about this project? (Please check
one)
Support (Please answer Question 13(b) and then skip to Question 15)
Oppose
(Please skip Question 13(b) and
Remain neutral/ not participate
answer Question 14)

13(b) If you support the proposed project, what is the highest level of taxes that you
would be willing to pay annually (per year) for five years to clean-up Opequon and
Abrams Creeks? (Please circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______
Please skip to Question 15
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14. If you oppose or remain neutral about this clean-up project, which statement best
reflects why you would not be willing to provide financial support for clean-up of
Opequon and Abrams Creeks? (Please check one)
I support clean-up of Opequon and Abrams Creeks, but cannot afford
higher taxes at this time.
I support the clean-up of Opequon and Abrams Creeks, but I think
someone else should pay for it.
I support the clean-up of Opequon and Abrams Creeks, but I don’t think
taxes are the best way to pay for it.
I support the clean-up of Opequon and Abrams Creeks, but I think it
cannot be accomplished as described in Question 13(a).
I support improvement of Opequon and Abrams Creeks, but I think that
dirt and sediment plus bacteria are not environmental problems in these
creeks.
I think Opequon and Abrams Creeks are okay the way they are.
Other, please specify
15. After cleaning up Opequon and Abrams Creeks, what other improvements, if any,
would you like to see along these creeks? (Please check all that apply)
Walking or biking trails
Public access for fishing and recreation
Regular trash clean-up
Fish stocking
Protection of forests along the creeks
None
Other, please specify
16. How much do you trust the following groups or institutions to make decisions about
what should be done to clean-up the Opequon and Abrams Creeks? (Please check one
box per row to indicate a level of trust.)

Trust
University scientists
Watershed organizations
like Friends of Shenandoah
Local government
County extension agents
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Somewhat
Distrust
trust

Neutral/
Don’t know

Local soil & water
conservation districts such
as Lord Fairfax Soil and
Water Conservation District
State agencies such as
Virginia Department of
Environmental Quality
In the next question, you will be asked to consider donating to a fund that would
clean-up Opequon Creek in West Virginia. Similar to Question 13(a), this is not
an actual request, but please answer the question considering your current family
budget.

17. Financial support for clean-up of Opequon Creek in West Virginia:
Opequon Creek is currently polluted with excessive nutrients and bacteria from sources
such as agriculture, urban runoff, and sewage occurring in West Virginia. Clean-up on
the Virginia side would not solve pollution problems in West Virginia. Because of these
pollutants, no swimming or wading is recommended in the West Virginia portion of
Opequon Creek. While this creek is stocked annually with trout, not all portions of the
creek can support year-round sport fish populations (bass, bluegill, trout, etc.).
Assume that in addition to cleaning up Opequon and Abrams Creeks in Virginia, you are
asked to participate in cleaning up the West Virginia portion of Opequon Creek by
donating to an Opequon Creek Restoration Fund. West Virginia residents also would be
asked to contribute to this restoration fund. Money from this fund would be used to make
water quality in Opequon Creek in West Virginia safe for swimming and wading. The
money also would be used to create habitat for year-round sport fish populations
What is the highest one-time donation you would be willing to pay for a clean-up of the
West Virginia portion of Opequon Creek? (Please circle one)
$0

$5

$10

$15

$20

$25

$30

$40

$50

$75

$100

$125

$150

$200

$300

$500

$1,000

Other, please specify $_______

Section D:
We would like to finish up this survey with some questions about you. These
questions are for research purposes only. The information that you provide will
remain confidential and will not be shared with any business or other institution.
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Female

What is your gender? ______Male
What is your year of birth? 19______

What is your highest level of education? (Please check one)
Less than a high school diploma
High school diploma or GED
Some college/technical school
College degree
Graduate school
What type of land do you own in the watershed area shown on the map on the back page
of this booklet? (Please check all that apply)
Home or residential
Agricultural
Commercial
Riparian (stream side) land
None
Other, please specify
How long have you been a resident of the watershed area shown on the map on the back
page of this booklet? (Please check one)
Less than 1 year
Between 1 and 10 years
Longer than 10 years
All my life
What was your total household income for 2004? (Please check one)
Under $10,000
$50,000 - $99,999
$10,000 - $24,999
$100,000 - $199,999
$25,000 - $49,999
$200,000 or more
Thank you for participating in this survey! Your time is appreciated! Please return this
survey in the addressed envelope provided. No postage is required. If you would like to
be sent a written report of the results, please fill in your name and address below.
Alternatively, you could use this space for comments, if any:
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A.2 Additional Survey Materials
A.2.1 Cover Letter

We would like to invite you to participate in a research survey about improving water
quality in selected creeks (Opequon and Abrams Creeks) in your area. We understand
how busy you are and appreciate you taking time to consider participating in this survey.
Your input is important to properly estimate the benefits to your community from
improving both creeks. Your name was selected at random from a mailing list of
riparian landowners.
This survey should take about 15 minutes to complete. Please return the completed
survey in the enclosed envelope (NO POSTAGE IS REQUIRED). All information you
provide will remain confidential and will not be shared with any business or other
institution. You do not have to answer every question and your participation in this
survey is completely voluntary. The only data released to the public will be in a form
where individual responses can not be identified.
If you have any questions regarding this survey, please contact a Virginia Extension
Agent at 540-665-5699 or Alan Collins at 304-293-4832 ext. 4473
(alan.collins@mail.wvu.edu). Later this fall, a written report of the survey results will be
made available online at:
http://www.cafcs.wvu.edu/resm/faculty/borisova/OpequonProject.htm. Additional
information about this survey can also be obtained through this website.
Thank you for considering our request.
Sincerely,

Jim Lawrence
Project Coordinator
Winchester Green Circle

Alan Collins
Associate Professor
Agricultural and Resource Economics
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A.2.2 Follow-up Postcard

September 21st, 2005
Several weeks ago, you received a mail survey titled, “Water Quality Survey
Summer 2005.” If you have completed and returned the survey, thank you for
your assistance! Survey results should be ready by late 2005.
If you have not yet completed and returned the survey, please take a few minutes
to do so. Your response would be greatly appreciated! Additional information
about this survey and a copy of the survey can also be obtained online at:
http://www.cafcs.wvu.edu/resm/faculty/borisova/OpequonProject.htm.
If you have any questions regarding this survey, please contact a Virginia
Extension Agent at (540) 665-5699 or Alan Collins at (304) 293-4832 ext. 4473
or alan.collins@mail.wvu.edu.
Sincerely,

Alan Collins
Associate Professor
Agricultural and Resource Economics
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Jim Lawrence
Project Coordinator
Winchester Green Circle

A.3. LIMDEP Estimation Final Grouped Tobit Results
A.3.1 Comparing Sub-Samples: West Virginia General Public (WVGP) and
Virginia General Public (VAGP) WTP for In-State Clean-up.

WVGP Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 14, 2006 at 00:25:49PM.|
| Dependent variable
WTPIN
|
| Weighting variable
None
|
| Number of observations
180
|
| Iterations completed
7
|
| Log likelihood function
-432.1782
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
2.255243892
.35967655
6.270
.0000
USE
.5617390618
.17503638
3.209
.0013
.62777778
GENPROB
.1291035967
.19243925
.671
.5023
.73888889
DIRTSED
.6207943439E-01
.15534058
.400
.6894
.40000000
CONCERN
.1712727782
.13794340
1.242
.2144
.60000000
FISH
-.1238861472
.15998369
-.774
.4387
.56111111
QUALITY
-.6481298517
.44174085
-1.467
.1423 .22222222E-01
PUBACC
-.1482880473
.14238935
-1.041
.2977
.63333333
DISTRUST .5397713139E-01
.13048657
.414
.6791
.54444444
GENDER
.1864781514
.15169564
1.229
.2190
.28333333
AGE
.1289646447E-01 .49958928E-02
2.581
.0098
48.966667
EDU
.3382758407E-01
.13864001
.244
.8072
.45555556
LAND
-.4362720257E-01
.18351683
-.238
.8121
.84444444
LIFE
-.5725656411
.16434935
-3.484
.0005
.26666667
INCOME
.6437130158E-02 .15248852E-02
4.221
.0000
69.000000
Sigma
.8336666130
.47331945E-01
17.613
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[16,4]
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VAGP Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 14, 2006 at 00:22:58PM.|
| Dependent variable
WTPIN
|
| Weighting variable
None
|
| Number of observations
134
|
| Iterations completed
7
|
| Log likelihood function
-318.3164
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.735257033
.41418758
4.190
.0000
USE
.4813666768
.17475234
2.755
.0059
.57462687
GENPROB -.3374426494E-01
.21452896
-.157
.8750
.64925373
DIRTSED
-.2048163362
.18977368
-1.079
.2805
.41044776
CONCERN
.3045234840
.15235044
1.999
.0456
.51492537
FISH
.1241119396
.18368401
.676
.4992
.38805970
QUALITY
-1.087917254
.70736907
-1.538
.1241 .14925373E-01
PUBACC
-.5843825416E-01
.16004942
-.365
.7150
.47761194
DISTRUST
.3007504746
.15423788
1.950
.0512
.44029851
GENDER
-.1413644085E-01
.16045004
-.088
.9298
.44776119
AGE
.1437766129E-01 .57455822E-02
2.502
.0123
50.835821
EDU
.4336114042
.15665740
2.768
.0056
.60447761
LAND
-.8738339597E-02
.21668263
-.040
.9678
.84328358
LIFE
.3216795821
.20233477
1.590
.1119
.16417910
INCOME
.8845274469E-02 .13810645E-02
6.405
.0000
74.682836
Sigma
.8239945473
.54231602E-01
15.194
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[16,4]
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Pooled (WVGP + VAGP) Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 14, 2006 at 00:20:20PM.|
| Dependent variable
WTPIN
|
| Weighting variable
None
|
| Number of observations
314
|
| Iterations completed
7
|
| Log likelihood function
-763.3645
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
2.151219849
.27786420
7.742
.0000
USE
.4924506013
.12595948
3.910
.0001
.60509554
GENPROB
.4074389025E-01
.14319722
.285
.7760
.70063694
DIRTSED -.1912365150E-01
.12228510
-.156
.8757
.40445860
CONCERN
.2048822793
.10499900
1.951
.0510
.56369427
FISH
-.4658178578E-01
.12163108
-.383
.7017
.48726115
QUALITY
-.8952528607
.37706616
-2.374
.0176 .19108280E-01
PUBACC
-.1260832318
.10896431
-1.157
.2472
.56687898
DISTRUST
.1511978008
.10128965
1.493
.1355
.50000000
GENDER
.9794171311E-01
.11031563
.888
.3746
.35350318
AGE
.1194275627E-01 .37658699E-02
3.171
.0015
49.764331
EDU
.1885532009
.10587581
1.781
.0749
.51910828
LAND
-.5634887068E-01
.14118016
-.399
.6898
.84394904
LIFE
-.2303017894
.13008334
-1.770
.0767
.22292994
INCOME
.7954634822E-02 .10421099E-02
7.633
.0000
71.425159
Sigma
.8653081598
.37174331E-01
23.277
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[16,4]
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A.3.2 Virginia General Public WTP for In-State Clean-up Final Results.
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Mar 01, 2006 at 02:38:03PM.|
| Dependent variable
WTPVA
|
| Weighting variable
None
|
| Number of observations
131
|
| Iterations completed
7
|
| Log likelihood function
-310.7635
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.907317314
.39962990
4.773
.0000
USE
.4910961833
.17047412
2.881
.0040
.58015267
DIRTSED
-.2184261352
.16376316
-1.334
.1823
.41984733
CONCERN
.3847686588
.15434818
2.493
.0127
.51145038
TMDLEDU
.5536029256
.29124049
1.901
.0573 .76335878E-01
FISH
.9946075883E-01
.19012551
.523
.6009
.38931298
QUALITY
-1.208391505
.69275875
-1.744
.0811 .15267176E-01
FISHSTOC
-.1189157751
.16785269
-.708
.4787
.43511450
GENDER
-.1018874085
.15995018
-.637
.5241
.44274809
AGE
.1660225092E-01 .57619434E-02
2.881
.0040
50.839695
EDU
.3970284412
.16374323
2.425
.0153
.60305344
LAND
-.1747732165
.22123355
-.790
.4295
.84732824
LIFE
.4548715382
.21058781
2.160
.0308
.16030534
INCOME
.8229281919E-02 .13755181E-02
5.983
.0000
75.114504
Sigma
.8268741670
.55021004E-01
15.028
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[15,4]
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A.3.3 Comparing Sub-Samples: Virginia General Public (VAGP) and Virginia
Riparian Landowner (VARL) WTP for In-State Clean-up.

VAGP Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 15, 2006 at 11:47:34AM.|
| Dependent variable
WTPVA
|
| Weighting variable
None
|
| Number of observations
134
|
| Iterations completed
7
|
| Log likelihood function
-317.1809
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.776553259
.40606706
4.375
.0000
USE
.5190328065
.17605537
2.948
.0032
.57462687
GENPROB -.7104427919E-01
.21559873
-.330
.7418
.64925373
DIRTSED
-.2043605621
.19093987
-1.070
.2845
.41044776
CONCERN
.3345932877
.15238990
2.196
.0281
.51492537
TMDL
-.9670604844E-01
.33227472
-.291
.7710
.14179104
TMDLEDU
.5470168992
.45081728
1.213
.2250 .74626866E-01
FISH
.1212774178
.18423073
.658
.5104
.38805970
QUALITY
-1.093931544
.69588316
-1.572
.1159 .14925373E-01
FISHSTOC -.5867593359E-01
.16278916
-.360
.7185
.44029851
DISTRUST
.2494407174
.15495732
1.610
.1075
.44029851
GENDER
-.3835662043E-01
.16114862
-.238
.8119
.44776119
AGE
.1524015435E-01 .56816056E-02
2.682
.0073
50.835821
EDU
.3694734716
.16783883
2.201
.0277
.60447761
LAND
-.6174840997E-01
.22160682
-.279
.7805
.84328358
LIFE
.3425313565
.20176892
1.698
.0896
.16417910
INCOME
.8676916005E-02 .13900491E-02
6.242
.0000
74.682836
Sigma
.8172422657
.53750095E-01
15.204
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[18,4]
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VARL Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 15, 2006 at 11:46:58AM.|
| Dependent variable
WTPVA
|
| Weighting variable
None
|
| Number of observations
37
|
| Iterations completed
8
|
| Log likelihood function
-77.25666
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
3.149335839
.95923240
3.283
.0010
USE
-.1691328917
.30915866
-.547
.5843
.70270270
GENPROB
-.7270377501
.44304056
-1.641
.1008
.78378378
DIRTSED
.7128389433
.34260095
2.081
.0375
.56756757
CONCERN
.1683324385
.29731985
.566
.5713
.54054054
TMDL
1.426968410
.56966058
2.505
.0122
.21621622
TMDLEDU
-.8547742615
.71465759
-1.196
.2317
.13513514
FISH
-.1824765315E-01
.46475591
-.039
.9687
.24324324
QUALITY
.5683293994
.83561320
.680
.4964 .27027027E-01
FISHSTOC
.2355050811
.33022247
.713
.4757
.43243243
DISTRUST -.8034872976E-01
.28546872
-.281
.7784
.62162162
GENDER
-.5295096124
.33238031
-1.593
.1111
.48648649
AGE
.1337802445E-01 .11042155E-01
1.212
.2257
51.162162
EDU
.9005401581
.37634992
2.393
.0167
.70270270
LAND
-.8216105431E-01
.43633116
-.188
.8506
.83783784
LIFE
-1.086224245
.43082479
-2.521
.0117
.13513514
INCOME
.1429657231E-02 .36635964E-02
.390
.6964
90.337838
Sigma
.6476112593
.80295547E-01
8.065
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[18,4]
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Pooled (VAGP + VARL) Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 15, 2006 at 11:46:07AM.|
| Dependent variable
WTPVA
|
| Weighting variable
None
|
| Number of observations
171
|
| Iterations completed
7
|
| Log likelihood function
-409.0345
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.927320995
.38650875
4.986
.0000
USE
.3906360027
.15956774
2.448
.0144
.60233918
GENPROB
-.2054157681
.19543317
-1.051
.2932
.67836257
DIRTSED -.5104298474E-01
.17160324
-.297
.7661
.44444444
CONCERN
.3404064646
.14070997
2.419
.0156
.52046784
TMDL
.1438545088
.29386605
.490
.6245
.15789474
TMDLEDU
.3154147527
.38165518
.826
.4086 .87719298E-01
FISH
.2095546620
.17192210
1.219
.2229
.35672515
QUALITY
-.2769970292
.53472760
-.518
.6044 .17543860E-01
FISHSTOC .1995098260E-01
.14906378
.134
.8935
.43859649
DISTRUST
.2046963841
.13775591
1.486
.1373
.47953216
GENDER
-.9232191959E-01
.14816642
-.623
.5332
.45614035
AGE
.1537239455E-01 .52114164E-02
2.950
.0032
50.906433
EDU
.4182940843
.16001108
2.614
.0089
.62573099
LAND
-.1382519847
.19853435
-.696
.4862
.84210526
LIFE
.1631810425
.18629000
.876
.3811
.15789474
INCOME
.8194342394E-02 .13052313E-02
6.278
.0000
78.070175
Sigma
.8480347710
.49173900E-01
17.246
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[18,4]
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A.3.4 Virginia Riparian Landowner WTP for In-State Clean-up Final Results.
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 21, 2006 at 01:22:09PM.|
| Dependent variable
WTPVA
|
| Weighting variable
None
|
| Number of observations
37
|
| Iterations completed
8
|
| Log likelihood function
-80.61276
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
3.983989425
.34622053
11.507
.0000
GENPROB
-.5944831091
.39334220
-1.511
.1307
.78378378
DIRTSED
.7582195508
.32726195
2.317
.0205
.56756757
TMDL
.9038689749
.31648315
2.856
.0043
.21621622
GENDER
-.6455731630
.24660798
-2.618
.0088
.48648649
EDU
.7455059517
.27060416
2.755
.0059
.70270270
LIFE
-1.242303387
.40800736
-3.045
.0023
.13513514
Sigma
.7091946323
.87565747E-01
8.099
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[8,4]
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A.3.5 West Virginia General Public WTP for In-State Clean-up Final Results.
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: Mar 01, 2006 at 02:41:41PM.|
| Dependent variable
WTPWV
|
| Weighting variable
None
|
| Number of observations
178
|
| Iterations completed
7
|
| Log likelihood function
-428.4699
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
2.278089452
.35440488
6.428
.0000
USE
.5646104723
.16705289
3.380
.0007
.63483146
DIRTSED
.1177763519
.14056002
.838
.4021
.40449438
CONCERN
.1354260751
.13764607
.984
.3252
.60112360
FISH
-.1010047391
.15952112
-.633
.5266
.56741573
QUALITY
-.7236085098
.43497226
-1.664
.0962 .22471910E-01
PUBACC
-.1696899451
.14371691
-1.181
.2377
.63483146
DISTRUST
.1052407543
.13151977
.800
.4236
.53932584
GENDER
.2196482775
.15137493
1.451
.1468
.28089888
AGE
.1338424563E-01 .50424141E-02
2.654
.0079
48.825843
EDU
.4660294524E-01
.13950121
.334
.7383
.44943820
LAND
-.4835418429E-01
.18410597
-.263
.7928
.84269663
LIFE
-.5135418172
.16554310
-3.102
.0019
.26404494
INCOME
.6445974914E-02 .15267527E-02
4.222
.0000
69.143258
Sigma
.8331029184
.47412236E-01
17.571
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[15,4]
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A.3.6 Comparing Sub-Samples: West Virginia General Public (WVGP) and
Virginia General Public (VAGP) WTP for Out-of-State Clean-up.

WVGP Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: May 10, 2006 at 03:41:15PM.|
| Dependent variable
WTP
|
| Weighting variable
None
|
| Number of observations
169
|
| Iterations completed
7
|
| Log likelihood function
-412.3803
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.771456174
.40343853
4.391
.0000
FAMIL
.1305842821
.21004876
.622
.5341
.13609467
USE
.8392593336E-01
.20331936
.413
.6798
.66272189
GENPROB
.2324504084
.21996580
1.057
.2906
.75147929
DIRTSED -.9812924606E-01
.16827639
-.583
.5598
.40828402
CONCERN
.2437466693
.15348562
1.588
.1123
.62721893
FISH
.2465507975
.18268393
1.350
.1771
.57988166
QUALITY
.8453908156E-01
.47220660
.179
.8579 .23668639E-01
VOTE
.5002713561
.18265709
2.739
.0062
.81065089
PUBACC
-.3729423869
.15872040
-2.350
.0188
.62721893
DISTRUST .9980415464E-01
.14302663
.698
.4853
.51479290
GENDER
.1399899920
.17192429
.814
.4155
.26035503
AGE
.1199744139E-01 .54919510E-02
2.185
.0289
49.207101
EDU
.1963555557E-01
.15852424
.124
.9014
.43786982
LAND
.2547393038
.19772240
1.288
.1976
.84023669
LIFE
-.4555104416
.17815256
-2.557
.0106
.26035503
INCOME
.6561370809E-02 .16182817E-02
4.055
.0001
69.245562
Sigma
.8844110857
.51789969E-01
17.077
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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VAGP Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: May 10, 2006 at 03:42:07PM.|
| Dependent variable
WTP
|
| Weighting variable
None
|
| Number of observations
120
|
| Iterations completed
7
|
| Log likelihood function
-288.6892
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.936728856
.43933677
4.408
.0000
FAMIL
.6044099846
.28801715
2.099
.0359
.10000000
USE
.2387985875
.20197252
1.182
.2371
.60833333
GENPROB
.8774410371E-02
.28261118
.031
.9752
.60833333
DIRTSED
.3383818149E-02
.24119138
.014
.9888
.44166667
CONCERN
.1623395533
.17644357
.920
.3575
.50833333
FISH
.1061727930E-01
.20000214
.053
.9577
.38333333
QUALITY
-.4509497624
.52517723
-.859
.3905 .25000000E-01
VOTE
.2209869447
.23999579
.921
.3572
.84166667
PUBACC
.1409681732
.18259386
.772
.4401
.43333333
DISTRUST
.1441269669
.17366693
.830
.4066
.49166667
GENDER
-.2186883858E-01
.18016220
-.121
.9034
.41666667
AGE
.1998223678E-01 .66111225E-02
3.023
.0025
49.408333
EDU
.9636634482E-01
.18072060
.533
.5939
.62500000
LAND
-.5039692738
.25417447
-1.983
.0474
.85000000
LIFE
.1607515833
.24393088
.659
.5099
.15000000
INCOME
.5138720013E-02 .15728139E-02
3.267
.0011
72.187500
Sigma
.8589584127
.60576541E-01
14.180
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[18,4]
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Pooled (WVGP+VAGP) Results:
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: May 10, 2006 at 03:42:46PM.|
| Dependent variable
WTP
|
| Weighting variable
None
|
| Number of observations
289
|
| Iterations completed
7
|
| Log likelihood function
-711.4212
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.969922314
.30289091
6.504
.0000
FAMIL
.3144554248
.17211149
1.827
.0677
.12110727
USE
.1192722494
.14375795
.830
.4067
.64013841
GENPROB
.1663839307
.16675683
.998
.3184
.69204152
DIRTSED -.8502580729E-01
.13614364
-.625
.5323
.42214533
CONCERN
.2160794079
.11609879
1.861
.0627
.57785467
FISH
.1355229419
.13385261
1.012
.3113
.49826990
QUALITY
-.1229581930
.35938362
-.342
.7322 .24221453E-01
VOTE
.4282048645
.14694564
2.914
.0036
.82352941
PUBACC
-.1428435742
.12144752
-1.176
.2395
.54671280
DISTRUST
.1485691856
.11141561
1.333
.1824
.50519031
GENDER
.3331545970E-02
.12309722
.027
.9784
.32525952
AGE
.1148430100E-01 .41573760E-02
2.762
.0057
49.290657
EDU
.2994214450E-01
.11829212
.253
.8002
.51557093
LAND
-.2838379863E-01
.15642494
-.181
.8560
.84429066
LIFE
-.2705861915
.14465349
-1.871
.0614
.21453287
INCOME
.6029703522E-02 .11372562E-02
5.302
.0000
70.467128
Sigma
.9069429823
.40853670E-01
22.200
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[18,4]
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A.3.7 Pooled General Public WTP for Out-of-State Clean-up Final Results.
+---------------------------------------------+
| Limited Dependent Variable Model - CENSORED |
| Maximum Likelihood Estimates
|
| Model estimated: May 11, 2006 at 09:24:16AM.|
| Dependent variable
WTP
|
| Weighting variable
None
|
| Number of observations
289
|
| Iterations completed
7
|
| Log likelihood function
-711.7375
|
| Censoring Thresholds for the 16 cells:
|
|
Lower
Upper
Lower
Upper
|
| 1 *******
2.30 2
2.30
2.71
|
| 3
2.71
3.00 4
3.00
3.22
|
| 5
3.22
3.40 6
3.40
3.69
|
| 7
3.69
3.91 8
3.91
4.32
|
| 9
4.32
4.61 10
4.61
4.83
|
| 11
4.83
5.01 12
5.01
5.30
|
| 13
5.30
5.70 14
5.70
6.21
|
| 15
6.21
6.91 16
6.91 *******
|
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
Primary Index Equation for Model
Constant
1.971723222
.26382233
7.474
.0000
FAMIL
.3124291925
.17110773
1.826
.0679
.12110727
USE
.1165038062
.14330222
.813
.4162
.64013841
GENPROB
.1211588093
.14505245
.835
.4036
.69204152
CONCERN
.2106850864
.11494028
1.833
.0668
.57785467
FISH
.1426915997
.12947998
1.102
.2704
.49826990
VOTE
.4289666286
.14564014
2.945
.0032
.82352941
PUBACC
-.1574724544
.11954114
-1.317
.1877
.54671280
DISTRUST
.1553629751
.11057880
1.405
.1600
.50519031
AGE
.1125471657E-01 .40561312E-02
2.775
.0055
49.290657
LIFE
-.2767524823
.14208657
-1.948
.0514
.21453287
INCOME
.6049270233E-02 .10882408E-02
5.559
.0000
70.467128
Sigma
.9078002186
.40884499E-01
22.204
.0000
(Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
Matrix: Las
[13,4]
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A.4 Total WTP (Benefit) Estimates.
Table A.4.1- Summary of High Scenario Total WTP Estimates.
In-State
Out-of-State
Sub-sample
( ≈ $ million)
( ≈ $ million)
West Virginia general public
2.49 – 3.59
0.41
Virginia general public
3.00 – 4.31
0.33
Virginia Riparian landowners
0.08 – 0.11
0.03
Total
5.57 – 8.01
0.77

Total
( ≈ $ million)
2.90 – 4.00
3.33 – 4.64
0.11 – 0.14
6.34 – 8.78

Table A.4.2- Summary of Medium Scenario Total WTP Estimates.
In-State
Out-of-State
Sub-sample
( ≈ $ million)
( ≈ $ million)
West Virginia general public
1.50 – 2.16
0.29
Virginia general public
1.63 – 2.35
0.18
Virginia Riparian landowners
0.08 – 0.11
0.03
Total
3.21 – 4.62
0.50

Total
( ≈ $ million)
1.79 – 2.45
1.81 – 2.53
0.11 – 0.14
3.71 – 5.12

Table A.4.3- Summary of Low Scenario Total WTP Estimates.
In-State
Out-of-State
Sub-sample
( ≈ $ million)
( ≈ $ million)
West Virginia general public
0.32 – 0.47
0.05
Virginia general public
0.30 – 0.43
0.03
Virginia Riparian landowners
0.08 – 0.11
0.00
Total
0.70 – 1.0
0.08

Total
( ≈ $ million)
0.37 – 0.52
0.33 – 0.46
0.08 – 0.11
0.78 – 1.09
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